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Report of the Kew Oh^ervato}y Committee foi the Ye^ar 
ni(li))g December 31, 1898. 


The operations of The Kew Observatory, in the Old Deer Pai k, 
Richmond, Surrey, are controlled by tho Kew Observatory Committee, 
which is constituted as follows ;— 

Mr F Gal ton, Ohairniati, 

Captain W, do W. Abney, C B , [ Prof A W Ruckor 
R.E. Dr. R. H. Scott 

Prof, W. 0 Adams. Mr. W N. Shaw, 

Captain E. W. Creak, R N. Lieut-General Sir R. Stracliry, 
Prof. G. C. Foster GC.S.I. 

Prof. J. PeiT} Hear Admiral Sii- W, J L. 

The Earl of Rosse, K.P. Wharton, K.C.B. 

Tho work at tlic Observatory may be considered uiidor the fol- 
lowing heads*— 

1. Magnetic observations 
II. Meteoi'ological observations. 

ITT. Soismological observations. 

ly. Exporimouts and Researches in connexion with any of tbo 
departments. 

V VeriHcation of instruments. 

VI. Rating of Watches and Marino Chronometers- 
VTI Miscollaneoua. 
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T. MAGNEIIC OnsFRVAnONS. 

I’lio MagnotoL^raph*? liiivo been in const an 1. operation tbmnglioufc 
the yeni, und tlie usual delcrmi nations of the Scale Values were made 
in January 

I’lic oidinafccs oi tlic various photographic curves representing 
Declination, Iforizcnital Foice, and Vortical Force were then found 
to be ns follows •— 


Declinometer . I cm. = 0“ 8' 7. 

Difilar, Jarmaiy llth, 1HD8, for I cm. cit = 0 00051 COS unit. 

Balance, JiuMiuiy IJtli, 1H98,for 1 cm. ^V = 0 00050 C CJ S unit. 

Owing to the gradual sccnlar change of declination, the distance 
bct\\*‘cn the dots of light upon the c) Imdoi ot the magiietograph 
had become too small for satisfactory rogisflation, and it was found 
necessary to alter the position of the zeio line From ii sirailiu 
can so it was also found ncccssaiy to re-ad just I ho balance of the 
K'rtical force magnetometer 

Duung the past yeui two magnetic storms, oi pci lods of con¬ 
siderable disturbance of the ncedlcH, have been registeied, tlic first on 
ilaicb 14-15, the second on September 0 10 

'flic cxti'cmo aTn])liiuile ot the Mareh di.sinrbunco was horizontal 
force, U 0050 C.(bS unit, vertical force, 0 0t)57 C.O S unit, and 
decimation, P 2G' In eiglit minutes, fiom 10 10 to 10 48 r M on the 
15rJi, the bori/orital and veitical components exhibited falls of 0 002 
and 0 OOd C.Q S unit rcspcctiicly. Tlu* most rapid change of 
declination occuircd some lliiit v minutes later. Speaking generally, 
the most halicrit features wei*o the large fsillH in both the horizontal 
and vertical components and the movement of the declination needle 
near I) 1 ’ east of its normal position 

The second storm occurred on Si'jitembcr 9—10 The ptincipal 
disturbance commenced sonicwluil gradually about noon on the 9th, 
but one of its most stiikuig fcjitiirc.s was an exceptionally rapid fall 
occuning flimultaneousli at 3 5 cm. m the horizontal and vertical 
forces and in the westeily dechuaiioii The fall was so rapid as to 
bo shown somowdiat indistinctly on the phutogiaplnc traces, hut it 
amonutod to at least 15' in the declination and 0 0023 (J G.S unit 
JM tlie horizontal foiee. The recovery from this tall was also 
lapid. 

The declination needle, on the same day, between 5.15 i».m. and 
8 8 r.M receded 54' to tlie east, tlion turned and in the course of the 
next thnty-twm minutes moved 59' to the west The horizontal force 
attained its extionie maximum and miuimuru at 2 42 r.M and 
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8 30 I* Ar. rospeotivoly, the ratigo amounting to *0 OOoO ('f! S. unit 
(or about 1/37 of Uio whole coraponout) BeU\eon 7 30 niul 8 30 
TM, this element fell 0 0030 CG.S unit. The vertical 
reaclie<l its maximum about 0 v w , and its minimum about 8 30 i’ M » 
but ns the trace unfortunately got ofF the sheet neur tho muiirnnrn, 
it can only be said that the range of \eitical force exceeded 0 0030 
0*0*8 unit, 

liotli storms were presumably associated with the aurora simul¬ 
taneously seen in tho Bi*iiisli Isles. The Ahnch stoiiii uas the 
largest recorded since August, 189k 

The hourly mcauB and diurnal inequalities of the maguetic elements 
for 1898, for tho quiet days selected by the Astionomer Uoyal, will 
be found in Appendix T 

A correction has been applied for tho diurnal variation of tempera¬ 
ture, use being umde of tlu* recoids fiom a Iticbavd thovinogriiph as 
well as of tho eyo observations of a thermometer placed undor the 
Veiticiil Foice shade 

The mean values at tho noons preei'dingand succeeding thescleclod 
(juict days aio alsi) given, Init these of course are not employed in 
Ctalculuting the daily ineaiis oi inequalities 

Tho follow mg are tlio mean resulls for the entire } ear — 

Mean Wcsteily nechnation. 17" 1' k 

Mean Horizontal Force. 0 183(54 C G S unit. 

Mean Inclirmtion . G7’17'G 

Mean Vertnal Force. 0 43885 C G.S unit. 

Observations of Absolute Dcclinatioii, lloii/.ontul Intensity, and 
Tiicliimtion have been made weekly, as a rule 

A table of recent values of tho inagnetic elements at tho Observa¬ 
tories whoso publications oie received at Kew will be found m 
Appendix 1\ to tho present i-epoit 

In Septeiuber Piofoshor Lnigi Palazzo of tlie Ufficio Ccntrale 
di Metcoroloo-ia, Home, paid a visit to tlie Observatory for the 
purpose of comparing tho Kew magnetic instruments and his own 
Di* van Ruckovoisel also spent some time m tlie Bunnuor in 
making a fnrtlier comparison between bis magnetic iusti uments and 
those at Kew 

Mr Hough, Fellow of St. John’s College, Cfliiibridge, who has 
recently been appointed chief asHistani at tho Royal Observatory, 
Cape of Good Hope, visited the Observatory from August IS to Sep¬ 
tember 1, 111 order to gain a knowledge of the method of observing 
with tho Unifilar Magnetometer and Inclinometer , 

At the request of Professor Moos, director of the Coiaba Ob¬ 
servatory, Bombay, copies of tho horizontal force, the vertical torce, 

R 3 
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and tlie declination curvcH for cei*tain selected days during the years 
1892, 1893, and 1897 have been made and forwarded to him. 

Information on matters relating to various magnetic data has been 
supplied to Dr von Dozold, Professor Milne, and Mr. Gray. 

The Observatory baa been visited by Dr A Schmidt, of Gotha, 
Pi'ofessor Eschenliagen, of Potsdam, and Professor Liznar, of Vienna, 
members of the Tnternafional Conference on Ten-estrial Magnetism, 
which was held at Bristol in September. 

In spring the unifilar magnetometer and dip circle, pi*eviouflly lent 
to the Jttckhon-Harmsworth Polar Expedition, were put m order and 
lent 10 Mr P Bariicchi, Acting Government Astronomer, Melbourne 
Observatory, for observational use in Australia and New Zealand, oi* 
in Antarctic exploration, as he might decide Later in the year an 
old dip circle was put in order at the cost ot Sir George Nownes, and 
lent for the use of the Antarctic Expedition, under Mr. Borchgrevink. 
It was also agreed that if Mr P Bamcchi should be willing to 
transter to Mr Borchgrevink the unifilar magnetometer and dip 
circle referred to above, the Committee would raise no objection, 
provided Sir G New nos should become responsible for the safe 
return of the instruments, 

A course of magnetic instruction was given to tlio two magnetic 
observers of Mr Borchgrovink's expedition, Mr Colbeck and Mr, 
Bernacclii, tlio latter of whom had already practised the use of 
magnetic instiuments at Melbourne Olmervatory 

II. Mkteouological. Observations. 

The several self-recording instruments for the continuous registra¬ 
tion of Atmospheiic Pressure, Temperature of Air and Wet-bulb, 
Wind (direction and velocity), Bnglit Sunshine, and Bain, have been 
maintained in regular upciatiou throughout the ^ear, and the 
standard eye observations for the control of the automatio records 
duly registerod. 

The tabulations of the meteorological traces have been regularly 
made, and these, as well as copies of the eye observations, with 
notes of weather, cloud, and sunshine, have been transmitted, as usual, 
to the Meteorological Office. 

With tbo sanction of the ^Meteorological Council, data have boon 
supplied to the Council of the lioyal Meteorological Society, the 
Institute of Mining Engineers, and tho editor of * Symons* Monthly 
Meteorological Magazine.* 

Blf^cftogtaph .—This instrument worked in a satisfactory manner 
till MaJ", when the action markedly deteriorated. Tests of the 
battery showed that its E.M.E. had fallen off considerably; this was 
so far remedied by cleaning and recharging the top row of cells. At 
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tho name time a new silk suspension was fitted to tke needle oi the 
electrometer, and the instrument ^onci'ally overhauled, and a nen 
scale determination was carried out. 

The records remained satisfactory until November, when the 
battery potential again began to fall olf mpidly. Between Novembei 
24 and 27 the whole sixty cells wore cleaned and i*echarged with u 
satisfactory result, and on tho latter date one-thud of tho cells were 
removed to conti’act the scale, in order to record high winter values, 
as explained in last year’s Report 

On several occasions it had been noted that tho electrometer needle 
had a tendency to ** set ** when tho acid in tho interior jar had been in 
use for some time This “ setting largely interfered with the freedom 
of the needle. Tt has, however, been considerably vodneed, by substi¬ 
tuting a single platinum wm‘ connection tor the double gridiron 
torm hitherto employed. 

In May another portable electrometer, No. 80, was purchased from 
White, of Glasgow ; it is furnished with some additions to the usual 
pattern, which experience at the Observatory suggested as likely to 
prove beneficial in reducing induction effects. This electiometer 
has been used since, with the older instrumont. White, No 
in obtaining the scale value of the self-recording instruments, de¬ 
terminations being made on Fobruarj^ 7, April 1, May 26, June 16, 
September 6, and November 28 

Inspections ,—In compliance with the request of the l^Ioteorological 
Council, the following Observatories aud Anemograph Stations have 
lieon visited and mspoctod —Stouyhurst, Yarmouth, North Shields 
Alnwick Castle, Fort William, (IJasgow, Aberdeen, and Deornoss 
(Orkney), by Mr. Baker; and Radcliife Observatory (Oxford), Holy- 
head, Fleetwood, Armagh, Dublin, Valencia, Falmouth, and St 
Mary’s (Scilly Tales), by Mr. Constable 

111. SElHMOriOGICAL OnSI’KVATIONS. 

The seismograph referred to in last year’s Report was dcli\ ered 
by Mr. R Munro m March. It is of Professor J, Milne's “ unfclt 
tromor” pattern, the motion recorded being that of a horizontal 
pendulum or boom with a long period of vibration (fifteen to eighteen 
seconds from rest to rest). It is intended to measure the tilting of 
the ground aloug an east-w'ost line, tho bourn itself lying due north 
and south. 

At the suggestion of Professor MiJnc, who visited the Observa¬ 
tory, tho site selected for at least a temporary trial is in the base¬ 
ment, inside the double-walled wooden room, originally designed for 
pendulum obsei'vations, and sometimes used as a w'arm chamber for 
chronometers. At firot difficulties wero encountered from wandering 
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of tho 'hooni, winch ih still ioo liable to get off its pivot; but the 
record has beea, on the whole, satisfactory for the latter half of the 
year Tlio following table gives particulars respecting tho timo of 
occLiiToiico «n(l amplitude in seconds of arc of tho largest movements 
actually recorded — 


Turn* (GMT.). Amplitude 


Dftlp 

h. 

HI 



J .uie . 

7 

19 8 i 

M. 

2 5 



21-8 

)> 

34 

-*1 .. • • 

n 

2G7 


3 0 



:u 4 


2 2 

August 31. 

8 

34 9 

>> 

2 7 

,, . 


.i7 0 

’j 

15 

,, ......... 

'» 

;i7K 

1» 

1 7 



40 7 

11 

Ifi 

Noveinlicr 17 . 

1 

-oa 

> 1 

05 

• • • • » 



j 1 

0 b 



58 0 

>) 

0 0 


'riio times (loducod for tlie commencement of tho abovc-mi'idioned 
eaithqiiakos weic 6 h 47 6 m , 8 h. 4 5 m , and 1 li. 37 m re¬ 
spectively 

Without special very caioful experiments it would ho difficult fi> 
htty wh.it IS tho pioliablo error in fixing tho precise times lude- 
]K‘Tidont mcjisurements of the photographic trace may agreo to 0 1 oi 
0 2 of a minute, but there is room for a certain amount of doubt as to 
the proper values to attribute to the time marks on tho sheot. 

In the cubo of tho times of commencement of a disturbaneo the 
uncertainty is gieater, because tho movoment may bo initially infini¬ 
tesimal, and beenusc a tiny movement arising from a different souico 
(such movements being not uncommon) might iiitcrvone 


IV. ExPLHlMENfAL WuliK. 

Fog and Mut —The observations of a series of distant objects, 
I’oferrod to in previous Reports, have been continued. A note is taken 
of the most distant of tho selected objects which is visible at each 
observation hour 

Almosplicno Elcctncity —Tho comparisons of the potential, at the 
point whore the jet from tho water-dropper breaks up, and at a fixed 
station on tho Observatory lawn, referred to in last year’s Report, 
have been continued, and tho observations have been taken twice 
every mouth. 

During October some simultaneous observations were made with 
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tlu' two portable olectromeleis, Uic one bitaatcd on tho pillar in the 
garden, tho otlici* at the same height on a Inpod stand, at some 
distance in the park. Tt hoped that time will be found to repeat 
tho experiments on suftieicntly imiuerons oeeasions to allow some 
conclnsions (o be drawn 

Aiirnntl Bttroineins —Tho experiments rofeired to in the last three 
“ Reports ” were continued m the early part of the jear. The results 
have been dlscuftsed by the Suponntendont iii a paper recently pub- 
hsho<l in tlio Society’s ‘ IVansactions ’ 

Pla/tvvvi Thcimnmoiry —The experiment<al work earned out at 
the International Bureau of Weights and Measiiies at Sevres by 
i)r J A Uarker in co-oporation with Dr Ch.ippnis has only pist 
terminated It lias comprised a careful comparison of certain 
]>latinum theniiomotcis belonging to the Observatory with a gas 
iheririomoter belonging to tho Bureau, over tlio lango C. ti) 

+ C 

1 )r ITaiker In ought back tho platinum thermometers, roM stance box, 
&c, to the Observatoiy late in Decimiber, and is about to bo engaged 
in preparing tho results for ]mblication In view of this and oilier 
special thermometne wmk m contemplation, tho Committee ha\o 
temporarily secured the servic(‘s of J)r Haiker in tho capacity of 
special assistant to the Superintendent 

Kxperiments have been continued at tho Observatory itself on tlio 
fixity of zero, and tlie geneml behaviour of platinum thermometers, 
which have shown, amongst other things, the exjiedieney of carefully 
chocking tho behaviour of the “ leads ” 

Experimental work on the comparison of platinum and iniTcnry 
tlicrmomctors has also been continued, and it is hoped that it will 
shortly bo possible, utilising tho results of Di. llarkci’s work at 
St^vi*es, to issue certificates to high range morcuiy thermometers 
embodying the I'osults of direct compariPon 

Mercuiy Theriiumietr]i —The cxpeiiments on thermometers of 
different kinds of glass made by Messis Powell and Sons, to which 
reference was made last year, liavo boon continued. Further thcr- 
mometci's are being made by Messrs. Powell, of a pattern suggested 
by the Superintendent, with whicli it is lioped to experiment at 
higher tcmpeititures. 


V. Verification of Instijuments, 

Tho subjoined is a list of the instruments examined in the year 
1898, with the corresponding results for 1897:— 
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NunibiT tested in tlic Tear 



ending December 31 


'l897. 


Air-meters .... 

S 

1 

Anoraoraotei's . 

3 

11 

Aneroids. . * • * .. 

77 

100 

Artificial horizons.. • • .. 

17 

It 

Barometers, ^^ari^e. 

1()7 

122 

,, iStiiiidard. 

101 

58 

,, Station. 

:)0 

57. 

Binoeiilais. 

t)()l 

274 

Compiisst*-^.. . 

.M 

4V 

Deflectors . . 

4 

3 

Hydromctei> . . 

i2!*2 

402 

Tnclniomcteis . . 

.') 


Photoj^rapbic LetisiN . 

10 

12 

Magnets. 

O 

2 

Navy Teleseopes . 

707 

081 

Rain Gauges. 

27 

12 

Rain MeaHiiring Glasses. 

.51 

10 

Scales. 

_ 

2 

Sextants. 

f)9t 

750 

Sunshine Roeorders . 

10 

15 

Theodolites. 

2!> 

2(i 

Thermometers, A vitieous, oi Inimisclf s 

r> 

10 

,, Cluneal . 

17,270 

17,002 

„ Deep sea. 

no 

70 

„ High Range. 

27 

56 

,, llypsomotne. 

20 

2S 

,, Low Range .. . 

71 

04 

,, Meteorological . 

2,S<71 

3.290 

,, Solar radiation .. 


2 

Standard . 

117 

06 

Unifllars... 

4 

0 

Vertical Fmee Instruments. 

4 


Declinometers .. 

2 

— 


Total. 23,457 24,4;^4 


Duplicate copies of corrections Iiave been supplied iu 84 cases. 

The number of instruments rejected in 1897 and 1898 on account 
of exceRfli\e error, oi for other reasons, was as follows 
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IH07 

IHllS 

Thermometers, clinical. 

156 

173 

„ ordinary metcoiologicai.. 

38 

92 

Sextants. 

08 

10(> 

Telescopes. 

66 

60 

Binoculars.. ... . • 

28 

:^o 

Various. . ... 

r>f; 

i»t: 


Tw(» Standard Tlierrnorueterh Ixtu constructed durinjif the 

>ear. 

There were at the end of the > ear in the 0b«4ervi\tovy, undergoing 
verification, 7 JJarometers, .'SriO ThormometecH, TjO Sextants, 20 
Telescopes, 51) Binoculars, 2 Hydrometers, 2 Sunshine Recorders, 
5 Rain Mensui'cs, and 2 Kain (lauges 

vr rai \Sii ov Watch f*s am> Ckkonomi iliis 

The high standard of excellence to which attention has been diawn 
in previous Reports has been maintained Although the number of 
watches sent for trial this year is loss than last year, yet tlie general 
average is as good, und GG movements have obtained the bigliest 
possible form ot certificate (the class A, especially good), which 
involves the attainment of 80 per cent ot the total mniks 
The 483 watches reccned were enteiod for trial ns below - - 
For class A, 383; class B, 73, and 27 for the subsidiary triah 
Of those 17 passed the subsidiai’y test, I LG failed from various causos^ 
to gain any certificate, »55 wore awarded class B, and 21)5 class A 
In Appendix III will bo found a table giving the lesnlts of trial 
of the first 50 watches which gained the highest number of marks 
during the year. The highest place was taken by Mr S Yeomans, 
Coventry, with a keyless going-barrel, Karrusel lever-watch. 
No. 76,152, which obtained 80 2 marks out of a maximum of 100 
Representations having been made to the Committee that some 
changes were desirable in the system of marks and dates on certifi¬ 
cates, a circulai was issued fas meutionod in last j'ear’.s Repoit) to 
ascertain the general opinion of mnnufactni'ers and others interested 
in the matter, but the leplies received showed no unanimity of 
opinion in favoni of any one specified change, whilst ti cousideitible 
number wei’O quite satisfied with the existing conditions. Finally 
some small alterations were made, mainly in matters of detail. 

The objection to the certificates that sustained most support— 
though even on this question opinions wci^ faiily divided—was that 
the dale suggested to the customer, in the case of any bnt the most 
recently tested watch, a line of criticism that would not naturally have 
presented itself. In consequence it was urged that tlie possession of a 
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Xew t'oi’hHcafo was a vor^ doubtful advantage lo any watob ronmin- 
inpj* iiDSold foi' fiovoi’nl yoary in a retailer's liiiuds. Tlio ComraiUee 
eonkl not hoc their ^vay to alter ibo invariable practice of dating 
ICew ocrtiHoatos, but they agreed, in order lo mnnmiHO the hource 
ot complaint, that a wateli testetl at the OhsovvalAiry not less than 
three years previously, should bo admitted to a fresh tiial at half the 
UMiul ico 

^lorhiv Vhnniomctns —During the year, 70 chronometers have been 
enteicd for the Kew A and J3 trials, ot those 33 gained certificates, 
21 failed, and there are lb in hand 

'fhe new eold-air chamber, to which a preliminary rofercnco was 
made in last ^'eiir’.s Report, has been completed, and has pioveil 
very convenient 

It consists ot llireo scfuiiate divisions, I'ach isolated from tin' 
otluns, and separated by a 3-uich space packed with flake charcoal, 
this same packing being continued on all sides of the divisions, the 
si/e overall hoiug (>;J ft by 0} it by 3 it. 

The Centro (liaiiibor, d ft by 3 ft. by 2 f( , is fitted with sliding 
lacks for the cJiroiionieters, and the ihvision on either side is for the 
ice This IS supplied in blocks, whicb rest on boards, and dram 
away into a (lap and gulley. Tlie chronometer chamber is fui nishcd 
wdh frays to liold potassic chlonde for drying purposes, and with 
mavimnin and minimum thermometers. 

'Hie doors arc packed with flake charcoal, and .ire so arranged that 
the ICO stures i an bo iilh'd oi emptied without any disturbance of ihe 
chronometer chamber 


VIT MiSCtLLWhOLJS. 

—Prepared photogmiibic paper has been supplied to the 
Ohservabiries at Hong Kong, Mauritius, Oxford (Radcliffc), and 
iStoiiyhuist, and through the Metcoiological Office to Aberdeen, 
Fort William, and Valencia 

Anemogtaph and ^nit^ihinr Shecta have also boon sent to HongKong 
and Mauntins, 

(las Tho)inome{ei —Sir Andrew Noble, K.C.13 , having generously 
offci*ed to present a gas thermometer to tho Observatory, and to 
defray ihe cost of sending an assistant to Uerlin to study ihe method 
of using a similar instrument at the Reichsanstalt, at Oharlotton- 
bm'g, tho Coramittoo gladly accepted the gift. The construction of 
tho lustruinent has not yet boon completed. 

rioidtilum Obsonafioiis July Mr, F. Launn and another oflicer 
of tho Royal Austrian Navy swung half second pendulums in the 
sextant room on the spot wliero observations weie made Homo yoais 
ago by von Sterneck, 
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Ehicfrlc Teamtcnyft —During the year a variety of BchemeR liavo been 
promoted for applying electric traction on the trolley system to tram 
lines in the neighbourhood of the Observatory, and one of these schemes, 
pronioted by the London United Tramway Company, for a now lino 
between Kew Hridgo and IJoiinslow, passing within 1,800 yards of 
the Observatory, has received the sanction of Parliament. The Cnm- 
mittoe, ronsod by tho fato that has befallen the mn^notiu observa¬ 
tories at Toronto and Washington, z^equestod Professor Riickor and 
Professor Perry to take the matter in hand A hoi los of experi¬ 
ments made at \ a nous places in London and Leeds, under the 
general supervision of Professor Rucker, showed that cloctnc rail- 
AMiys and ti am ways, satisfy nig pres am ably all the existing requirc- 
raents of the Board of Tiiide, produced very sensible disturbances in 
a declinomoter at distances of two or thieo miles 'rins fact was 
brought before the notice of the Royal Society, who m turn entered 
into communication with tho Board of Trade, with the resnlfc that 
the following clauflCH were inserted lu tho London United Tramway 
Company's Bill — 

1. The whole circuit used foi tho currying of tho curronii to an<l 
from the carnages m us(‘ on the railway shall consist of conductors, 
which 01*0 insulated along the whole of their length to tho satisfaction 
in all respects of the ChimmisHioneiK of Her Majesty’s W^orks and 
Public Buildings (iiv this section called the “Commissioners”), and 
tho said insulated conductors winch convey the current to or from 
any of such carnages shall not at any place be separated fi*om 
each otiler by a distance oxeeoduig one-hundreilth part of tho 
distance ot either of the conductors at that place from Kow Obser- 
vatoiy. 

*2. If, in the opinion of tho Commissionci's, there are at any time 
reasonable grounds for assuming that, by reason of the insulation oi* 
conductivity having ceased to bo satisfactory, a sensible magnetic 
field has been produced at the Observatory, tho Commissioners shall 
have the right of testing the insulation and conductivity upon giving 
notice to the (Company, who shall afford all necessary facilities to the 
engineer or officers of llio Conimissioiiers, or other person appointed 
by them for tho purpose, and tlie Company shall forthwith take all 
such steps, as shall in tho opinion of the Commissioners bo required 
for preventing the piodiiction of such field. 

3 The Company shall furnish to the Commissioners all necessary 
particnloi'B of the method of insulation proposed to bo adopted, 
and of the distances between the conductors which carry tho current 
to and from the carriages. 

It is nnderstood that the above clauses will be insisted on by the 
Board of Trade in the case of any other tram line which can bo 
shown to be a probable source of danger to the Observatory. 
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The Committee are much indebted to Professor Riiokcr and Pro¬ 
fessor Perry for the trouble they have taken in the matter, and they 
are also glad to express their acknowledgment of the valuable 
assistance rendered by the editors of scientific journals and various 
eminent men of science in educating public opinion. The Committee 
e\en hope that ere long tramway companies themselves will rocog- 
niso the benefits accruing from impi-oved insulation 

Whilst everything has been done, as far as can be foreseen, to pi’o- 
toct the magnotographs, it is impossible to contemplate the tutuic 
without sortie misgivings. 

National Physical Lahoratoiy — The Government (\mimittec, 
referred to in last year’s Report, vi si toil the Observatory on 
January 18th. In the course of the summer, that Committee sub¬ 
mitted to the Lords Commissioners of Her Majesty's Treasury a 
leport, embodying the following four recommendations*— 

1. That a public institution should be founded for standardizing aud 
vci'ifyuig instruments, fortesting matmals, aud for the determination* 
of physical constants 

2. That the institution should be established by extending the Kow 
Observatory m the Old Deer Park, Richmond, and that the scheme 
should include the improvement of the existing buildings, and the 
erection of new buildings at some distance from the present Obser¬ 
vatory, 

8, That the Royal Society should be invited to cuntiol the proposed 
institution, and to nominate a Governing Body, on which commercial- 
interests should be represented, the choice of the membcis of bucli* 
Body not being confined to Fellows of the Society 

4 That tho Peinianont Secretary of the Boaid of Ti'ade should 
be an ex officio member of the (joverning Jiody; and that such Body 
should bo consulted by tho Staridaids Oifico and the Electrical 
Standai*diziiig Depaitmont of tho Hoard of Ti'ado upon difiicult 
questions that may aiise from time to time or as to proposed modi¬ 
fications or developments 

In October, tho Royal Society iiifoiiiied tho Kew Observatory 
Committee that the Government had adopted the report generally, 
and were willing to provide funds for carrying it into effect; conse¬ 
quently the Royal Society asked for tho concuiTonce of the Kew 
Observatory Committee in their action. 

In reply, tho Committee expressed their wilhnguoss to facili¬ 
tate the execution of the scheme, and to continue to admniistei 
the Observatory ponding the nomination of the new Governing 
Body. The arrangements wcio not completed befoie the close of 
1S98. 

L»6ro?^.—During the year the library bus received i>ublioations< 
from 
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20 Scientific Societies ainl Institutions of GiTiit Britain and 
Ireland, 

93 Foreign and Colonial Scientific Ebtablishmcnts, as well as 
from several private individuals. 

The card catalogue has been pixiceedcd with. 

Avdity —Tlio accounts for lS9S liave boon audited by W. B. 
Keen, Chartered Accountant, on beluilf of the Royal Society, and 
by Professor Carey Foster on behalf of the Committee 

The balance sheet, with a comparison of tho expenditure for the 
it wo years, 1897 and 1898, is appended 


PhRViNAIi FiblAUUSUMKN \\ 

The staff employed is as follows:— 

C. Chroe, Sc D , F H S , Superintendent. 

T. W. Baker. Cliief Assistant 

F. O. Constable, Observations and Hating 

W. Hugo, Verification Uepartuienf. 

J. Foster , ,, 

T Guntei* „ 

W .1. Boxall „ ,, 

<f. E. Bailey, Accounts and Libiaiy. 

E. Boxall, ObservMlions and Rating 

<i, Badderly, Veiifitation Department, and six other Assistants. 
A Caretaker and a Honsokeeper are also employed, 

(Signed) FRANCIS GATjTON, 

ijlinirman. 




Report of the Kew Observatory Committee, 


*•* S * 9 


1,-3 

t£ 

file 

lllf. 

I^Sa. 




g 

ill 1.- 
III Uss 

I I 


I 

•3 

p 

< 




ESTIMATFD ASSETS. ESTI\t.VTED LIABILITIES. 


Report of the Kexo Obse^'vatovy ComtuiUee, ir> 




16 


liepoH of the Keto Oheermtory Committee* 


rompariaou of Expenditure daring the Years 1897 and 1898. 


Expenditiii'o. 

1H‘J7 


1898 


Tnt'ieaac. 

' Decreane 

AdmiDistiation — 

t; 

S 

t/ 

£ r 

d 

£ 

t. 

d 

C 

V 

d 

Superintendent.... 

,'>O0 

0 

0 

51 K> 0 

0 







First AsBiNtant. 

331 

18 

0 

333 8 

0 

1 

10 

0 




. 

Tin 

b 

1 

12T TO 

0 

2 

3 11 




Rent, Fuel, Lighting, Ac 

8S 

9 

2 

87 16 

6 




" 

12 

H 

Carotalier. 

70 

1 

6 

68 18 

0 




1 

6 

6 

Incidental Expenses 

113 

2 

.< 

1,17 12 

1 

24 

9 

10 





1223 

n 

0 

12 to 4 

7 

28 

3 

0 

1 

19 

2 

N’ornml Obaer^ ntory — 












Salaries—ObnerTations, 












Ac . 

J20 

2 

10 

336 16 

G 

lt> 

12 

8 




Tilt nlental Expenaea .... 

IS 

1 

1 

41 1 

7 





19 

0 

Pmp Acim Kxpendituic 

241 

12 

0 

187 10 

0 




57 

3 

0 

Kesearclies — 












Siilaru a. 

no 

0 

0 

158 H 

0 

48 

8 

0 




Furcliaae of .Ippamtiia, 












&o. 

209 

11 

1 

64 9 

2 




1 U& 

1 

11 

Prop Adin Expenditure 

306 

18 

0 

375 0 

0 

8 

2 

0 




Testa — 












Salaries. 

898 

11 

6 

918 6 

0 

10 

It 

6 




liKidental Expeiiaea .. . 

203 

0 

6 

222 9 

5 

19 

8 

n 




Prtip. A din Expenditure 

180 

4 

0 

499 1 

7 

10 

0 

7 




CummiBsions — 












PnreliaMCS for Colonial 












Jnstitntioiia, Ac 

SOS 

18 

2 

520 3 

1 

LK) 

4 

11 




Prop Adni Kxiienditure 

122 

t; 

0 

187 JO 

0 

65 

4 

0 




Seisniograph. 




55 15 

0 

55 

15 

0 




CTroaa Expend it lire.. .. 1 

3411 

5 

5 

3575 12 

4 

373 

10 

7 

209 

3 

8 

(ahoning an increase of | 











£lGt.0t llfO- 





i 

1 

i 



1 

1 



Extraordinary Expenditure. 





1 




i 



Researches — 



1 









Salaries.. 

no 

0 

0 

158 8 

0 

t8 

8 

0 




Purchase of Apparatus, 












Ac . 

206 

0 

7 I 

61 15 

10 




141 

4 

9 

Cominisftioiui.— 












Purchases for Colonial 












Tnttitutioiis, Ao. 

398 18 

2 

529 3 

1 

1,30 

4 11 




Seismograph. 




55 15 

0 

55 

16 

0 





71 V 18 

~| 

805 1 

11 

234 

7 J1 

144 

4 

0 

Lea\ ing for Ordinary Nett 



1 

1 









Expenditure. 

2006 

6 

8 

2770 10 

5 

139 

2 

8 

64 18 11 

(showing an increase of 












£74 3s. yrf). 
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List of Instruments, Apparatus, Ac., tho Property of the Kow 
Observatory Committee, at tho present date out of the custody of 
the Super in tendon t, on Loan 


To whom lent. 

Articles. 

Date 
of loan 

G J. Symons, F BJ9. 

Portable Transit Instrument. 

IS69 

Tho Science and Art 

Articles specified m the list in the Annual 


PopBrtment, South 

Report for 1S93... 

1870 

Kensington. 


Professor W Grylls 

Umfllar Mognotomotor, by Jones, No. 101, 


Adams, F B S. 

complete. ...... .! 

1883 


Pair 9-mch Dip Needles with Bar Magnets •.. 

1887 

Lord Rayloigh, F.R SJ 

Standard Barometer (Adie, No. C55).. 

1885 

i 

KadcUtFo Observa¬ 

Black Bulb Thermometer in i)acuQ . 

1897 

tory, Oxford, ' 



Mr P Baraochi 

Unifilar Magnetometer, by Jono*i, marked 
N.A B C., complete,.. 


(Melbourne Ob- 

1808 

serratory). 

Dip Circle, by Borrow, with one i>air of 


Needles and Bar Magnets .. 

1808 


Tnpod Stand .....! 

1808 

Tho Borohgrovink- 

Dip Circle, by Borrow, No, 24, witli four 


Kewnes Antarctic 

Needles and Bnr Magnets. 

1808 

Expedition. 




VOL. LXV. 


0 
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APPENDIX 1. 


Magnetioal Observations, 1898. 

Made at the Kew Observatory, Old Deer Park, Kich- 
mond, Lat. 51° 28' 6" N. and Long. 0^ 1“^ ]5*‘l W. 


The roaulis given in the following tables are deduced from the 
inagnetograph curves which have been standardised by observations 
of deflection and vibration. These were made with the Collimator 
Magnet KOI and the Declinometer Magnet marked K.O. 90 iu the 
9-inch Unifilar Magnetometer by Jones 
Tlie Inclination was observed with tho Inclinometer by Bari*ow, 
No. 33, and needles 1 and 2, wliich are 3^ inches in length 
Tho Declination and Force values given in Tables I to VITI are 
prepared in accordance with the Huggestiona made lu the fifth report 
of tho Committee of the British ABSociution on companiig uud 
reducing Magnetic Observations. 

The following is a list of tho days duiing tho year 1898 which 
were selected by the Astronomer Royal, as suitable for the deter¬ 
mination of the magnetic diurnal inequalities, and which have been 
employed m tho prepaiution of the magnutie tables — 


January .. 1 ), ‘h 7, 9, 23 

February .. 1, 3, 7, 26, 27. 

March. .. 1, 3, 4, 24, 31. 

Apnl. 1, 9, 21, 22, 29. 

May. 7, 19, 21, 23, 2.') 

June. 5, 13, 17, 20, 21. 

July. 2, 10, 15, 16, IS 

August....... 1, 8, 10, 15, 25. 

September .. G, 7, 12, 21, 26 

October. 1, 8, 12, 16, 18 

November . 5, 10, 14, 29, 30. 

December. 11, 12, 17, 23, 26 
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Tabic I.—Hotirly Means of the Declination, as determined finm the 


M 3.; 4. 


1898 
Months 
Jiui ., 
Feb .. 
March. 
Orfc. .. 
Nov. .. 
Der. .. 


6. 1 6 7 ft, 1 9 10. 11. 

- J _L J_. 1. I_ 

Wiiilor. 


(17^ +) West 


3 3 3*5| 3 8 39 ; 3-6 3 4' 8*2 3 0, 2*9, 3 O' 3’3 4*8 

3 0 3-2 3 3 3 3 3 4 3 3 2 9 2*8 2 7 2 4 3 1 4*7 

1*3 13 13 12>09 10 10 O-S; 0 lUo*4 0*6 2*9 

-1*7 -1-0 -I 6 -1*6 -1*5 -1*7 -1*7 -2 5 -3 3!-3*0-0 8 1 *8 

-1*6 -1-7 -1 1 -0*8-0 9-1*0 -1-0 -0 9 -0 9 -0 ft 0 3 15 
-1-6 -1.3 -0 8-0 7 -0*8 -0 7,-0*8 -1 1 -I'S'-I 1-0 3 OO 



Means 6 2 I 0 6 0 5 0 3 0*1-0 6 -1 4-2*0,-2 4-2 4-1 6 0 7 3*8 


Table TI —Diurnal Inequality of tbo 

Hours Mid. 1. j 2. j 3 j 4 j 5. j 6 j 7 8. 9. 10. 11. 

Summer Means 


/ / ^ / / / / 


-0 7 |-0 8 j-10 j-l*2 -I 8 j-2 7 |-3*8 j-37 -8*7 -2*9 j-0*6 ^■2■0 
Winter Means 


/ 

e 

/ 

t 

/ 

/ 

t 

/ 

/ 


/ 

-1*0 

-0 9 

1 

-0 6 

1 

-0 6 

1 

-0*7 

-0 7 

-0’9 

-1*1 

-1*4 

-1*4 

-0*4 


Annual Means. 



t 

-0-8 

OD 

0 

1 

1 

00 

» 

-0*9 



/ f 

a-4 -a-6 



Koti.—W hen the eigo le + the magnet 
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seleoted quiet Days in 1898. (The Mean for the Year =17" 


V 4 West.) 


Noon. 1. 


3 . 4 . 


10 I 11. Mid 

noon. , 


Winter 


6*6 

6*7 

6*0 

4 '4 

4 2 

1 4 * 0 ; 

3 *71 

3 - 4 , 

3 1 

2 8 

2 9 ' 

3 U 

3*3 

6*6 

6 0 

6-4 

6 4 

6 9 

4 9 

4 C 

4-of 

3 Gi 

3 a 

3 * 2 , 

3 Oi 

3 ' 9 | 

2 0 

6 0 

6-6 

6*6 

6 6 

5 6 

4*8 

3 5 

3*3 

2 0 | 

2*6 

2*4 

1 * 8 | 

1 8 

1-6 

6-1 

3‘3 

3 7 

3*1 

1*9 

0-3 

01 ;- 

- 01 : 

-0 3 - 

- 0*8 

-1 3 - 

■ IT ,' 

-1 5 

-1 8 

4 5 

2-6 

2-9 

2*0 

1 2 

0 8 

0 fl - 

-0 1 

-0 4 ;. 

- 0 * 5 ; 

-(t hU 

1 1 

-X 1 

-1 1 

2*3 

1 3 

1-3 

0*0 

0 2 

-0 1 

-0 C - 

-0 G 

-0 9i - 

- 1*1 

- 1 - 4U 

1 3 

-1 2 | 

1-1 *31 

1 11 

4-1 

4-4 

4-0 

3*2 

2 ii 

2*01 

1*7 

1 4 | 

1 * 2 ' 

(1 8 | 

0 0 

0*7 

0 G 

1 4 0 


Summer. 


6 G 

7*3 

7 3 

6 8 

4 5 

a 4| 

1 2 

1 8 

1 9 

X 8 

1 * 4 | 

1*11 

0 8 | 

«*6 

7.7 

8*4 

7*8 

6 8 

3 8 ' 

2 o | 

1 1 2 

1 3 

1 7 

1 7 

1 G 

1 41 

1 1 

6*1 

6*3 

6*8 

5 3 

4 ] 

3 * 2 : 

2*3 

1 g | 

1*3 

0*8 

1 0 

1 5 

1 3 

l * o | 

6*1 

5*4 

6*6 

5 -ft 

4*G 

3 * 1 ' 

2*0 

1*7 

1 

1 6 

1*6 

1*3 

1 0 

0 9 

6*2 

ft 8 

7*2 

0*8 

6 9 

4 - o ' 

2 * 4 ! 

1 C | 

1 ^1 

1 0 

1*0 

0 9 

0 6i 

0 4 | 

0 9 

5*6 

6*4 

6*3 

3*2 

1 * 3 : 

02 ' 

- 0*11 

0 3i 

0 1 

- 0*7 

-0 6 

li ' i : 

-■ 0 * 6 | 

6*1 

5*9 

0*9 

6 * 3 , 

4'9 

3 3 

2 1 

1 .6 

I 3 

1*2 

1*1 

1 0 

0 h \ 

0 * 6j 

6*2 


Declination as deduced from Table I. 


l^oon 

1. 



4 

6 

6 

7. 

8. 

9. 

10. 

11. 

Mid. 






Summer Means 






/ 

/ 

/ 

/ 

/ 

/ 

/ 

f 

r 




f 

44*6 

t-6'O 

+ 6*0 

+ 3 6 

+ 2 0 

+0-7 

+0*1 

-0 1 

-0*1 

-0*3 

-0 3 

-0 6 

-0 7 






Winter Means. 






/ 

/ 


/ 

t 

/ 


t 

/ 

/ 

/ 

t 


+ 3*6 

+ 3*0 

+ 2 *6 i 

+ 1*7 

+ 0*9 

+ 0*6 

+ 0 2 

-0*1 

-0*3 

1 

-0 7 

1 

-0 8 

i ! 

-0 8 

-0 9 






Annual Means 






/ 1 


f 

/ 

f 

t 

f 

/ 

f 

/ 

1 ' 

f 

i 

+a*6' 

+ 4*3 

+ 3*8 

+ 2*7 

+ 1*6 

+ 0*7 

+0’2 

-0*1 

-0*2 

-0*6 

1-0-6 

-0 6 

-0*8 


poxntt to the west of iti mean poiition. 
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Table III —Hourly Means of the Horizontal Force in C.G.S units (corrected 

(The Mean for the 


Hours 

Preceding 

noon 

Mid 

1 

> 2 

8 

4. 

i ^ 

0. 

7 

8 

9 

10. 

11, 


0*18000 + 




Winter. 









1808 
Months. 
«Tan. . . 

340 

351 

.3.52 

351 

352 

.363 

.855 

358 

357 

355 

351 

347 

848 


Feb. ... 

3M 

:{f>2 

301 

301 

361 

363 

864 

866 

366 

365 

362 

368 

367 


Mureli. 

3411 

35G 

351 

356 

857 

355 

357 

359 

300 

358 

351 

345 

340 


Oct. ... 

355 

309 

370 

369 

366 

368 

369 

868 

366 

361 

363 

348 

848 


Nov. .. 

3 (jo 

360 

309 

308 

370 

371 

374 

377 

37B 

372 

366 

369 

861 


Deo .. 

378 

881 

.382 

382 

383 

381 

381 

.184 

385 

883 

384 

385 

382 


Means.. 

358 

305 1 

__i 

365 

364 

365 

366 

1 367 

369 

868 

366 , 

361 

357 

366 







Summer 









April... 

343 ! 

360 ! 

1 

358 

358 1 

357 

366 

356 

364 

354 

* 348 

343 

338 

838 


May ... 

803 

873 

372 

mmm 

.369 

369 

367 

362 

1 352 

1 346 

842 

340 

1 341 


J une ... 

350 

.373 

372 

371 

371 

J70 

369 

866 

361 

3.^)8 

BriI 

818 

! 351 


July .. 


370 

8f>0 

Ew] 

370 

370 


364 

1 3.57 

361 

347 

347 

356 


Aug ... 

.368 

.378 

375 

373 

373 

372 

369 

:m 

362 

356 

361 

349 

856 


Sopt.... 

383 

355 

366 

867 

364 

362 

351 

348 

I 344 

lili 

334 

328 

881 


Means.. 

35.3 

308 

307 

366 

366 

365 

361 

3C0 

355 

319 

345 

342 

346 



Table IV —Diurnal Inequality of the 


llounj Mid 

1 1 2. 

1 3* 

[ 

4. 6 

6. 


s. 

9. 1 10. 

11. 




Summer Bfeans 





[+•00006 

+ * 00004 !+ 00004|t 00003 + *00002 + 00001 

- 00003 

- OOOOH 

- 00014 

- 0001b|-*00021 

-•00017 




WlnUr Means 





1 ’OOCOol 

0000 o|- 00001 

00000 

+ *00001 I-*00002 

+ •00004 

+ *00003j 

+ '00001 

|-*00004j-*00008 

-*00009 




Annual Means 





+ *000031+ 00002 + 00001 

+ •00001 

+ 00001 + 00002 

•ooooo 

— 

|-*00002| 

-*00007 

1 

|- OOOllj- 00016 1 

-•ooou 


Non.—Wben tlw dgn Is 4* tko 
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for Temperature) as determined from the selected quiet Days in 1898. 
Year =s 018364.) 


Noon 

1 

2 

3. 

4 

5 

6 

7. 

8 

9. 

10. 

11. 

Mid 

Succeeding 

noon. 







Wmtor 






860 

354 

363 

363 

351 

354 

354 

364 

354 

364 

354 

354 

364 

854 

357 

850 

3G2 

362 

359 

361 

361 

361 

362 

363 

363 

363 

363 

358 

342 

847 

361 

363 

35b 

' 366 

357 

359 

360 

360 

361 

361 

3G3 

345 

S54 

859 

866 

368 

369 

371 

371 

378 

374 

374 

373 

372 

371 

853 

866 

870 

371 

372 

372 

.175 

376 

376 

376 

376 

873 

871 

372 

368 

888 

384 

384 

383 


386 

387 

387 

885 

384 

384 

384 

383 

380 

360 

362 

364 

366 

365 

367 

368 

36 s 

368 

368 

368 

867 

368 

361 








Sumnir 

r. 






343 

350 

363 

364 

356 

360 

306 

366 

365 

363 

360 

361 

861 

342 

347 

353 

360 

364 

3G9 

374 

370 

880 

381 

3HO 

378 

377 

376 

361 

359 

865 

871 

871 

373 

376 

378 

380 

379 

37G 

375 

878 

372 

865 

363 

866 

369 

375 

375 

377 

379 

380 

878 

380 

379 

370 

375 

360 

361 

861 

363 

866 

370 

874 

380 

382 

883 

m 

382 

382 

380 

364 

340 

349 

851 

352 

354 

867 

360 

363 

365 

365 

362 

1 862 

362 


352 

867 

1_' 

861 

364 

366 

370 

1 

i 373 

! 

375 

375 

375 

373 

372 

371 

365 


Horizontal Force as deduced from Table III. 


Noon 1 1. 

2. 

i 

4 

6 

6 7. 1 

8. 

8. 

10. I 

11. 

Hid. 






Summer Mianu 






-•00011 

-•00006 

-•00002 

+ ■00001 

+ •00004 

+ *000071+ *00010 + * 00013 !+ *00012 

+ '00012 

+ OOOlO 

+ 00009 

+ •00008 






Winter Meani 






-■00006 

- 0000.1 

-'00001 

'00000, 

•00000 

+ •00002 

+ *00003 + 00003 

+*oooai 

+ 00008 + *000031+ *00002j + *00008 






Annual Meane 






- 00008 

|-*00004 

-'00001 

j-i-*00001 

+ * 00002!+*00006 
1 

+ *00006 + *00008 

+ ■00008 

+ *00008 

+ •00006 

+ •00006 

+ •00006 


rasdinf It aboio the mean. 
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Table V.—Hourlj Means of tbe Vertical Force in C.G.S. units (corrected 

(The Mean for the 


Hon re 

Procedmg [ , 

noon. 1 

1 

2 

3 


5 

6 

7. 

8 

9 

10 

11. 


0‘43000 + 


Winter 








18tW 














Month B 
Jan ... 

803 

899 

899 

899 

899 

899 

898 

897 

897 

896 

895 

805 

897 

Feb ... 

807 

902 

902 

901 

901 

901 

901 

001 

900 

900 

900 I 898 

896 

March • • 

891 

908 

908 

908 

906 

905 

906 

004 

90 i 

904 

002 

897 

881 

(Vfc .., 

8.50 

882 

8fi2 

8fil 

HGl 

862 

861 

862 

863 

862 

867 

862 

862 

Nor ... 

865 

873 

874 

875 

875 

874 

874 

872 

870 

870 

870 

868 

867 

Pet* 

m 

863 

863 

802 

862 

863 

864 

864 

864 

863 

863 

803 

862 

Means 

877 

884 

88S 1 884 

884 

884 

884 

1 883 

1 

883 

882 

881 i 879 

877 






Summer, 







April... 

875 

808 

837 

89G 

806 

895 

894 

893 

893 

891 

888 

884 

879 

May ... 

878 

898 

897 

896 

896 

898 

898 

1 899 

897 

892 

885 

878 

873 

June ... 

883 

894 

892 

898 

891 

892 

894 

892 

891 

889 

883 

876 

; 873 

July ... 

893 

1 005 

905 

903 

903 

002 

904 

1 903 

902 

000 

896 

893 

889 

Aug ... 

883 

898 

807 

896 

895 

896 

897 

897 

896 

804 

889 

887 

800 

Sept ... 1 

830 

853 

852 

8G1 

850 

850 

860 

851 

851 

840 

816 

840 

1 837 

Means | 

87 i 

891 

890 

1 

889 

8«9 

890 

889 

888 

< 886 

881 

876 

873 


Table VI —Dmrnal Inequality of the 


Hounj Hid. I 1 

i ^ 

8 . 

4. 

6 1 G. 

7. 

8 

1 

10 

11 . 




Snminer Means. 



!+•00001 + 00003U'0(KIOl|+ 00001 

1 1 ‘ 1 

+ 0000] 

+ *000021+ *00002 

+ *00001 

- *00002 j-*00007p *000110001ft 

winter Means. 

U *00001 + '00001 

1 

+ •00001 

+ •00001 

+ *00001 

'00000 *00000 

•00000 

- 00001 

-•00002 

-*00004 

-*00000 

Annool Means. 

j+ *000021+*00002 

+ OOOOl 

+ *00001 +-OOOOl 

1 

+'00001!+*000011 *00000 

- 00001 

-00004 

-•00008 

-•00010 


Kon.— Wb«n the ilttn U + the 
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! for Temperature), as determined from the selected quiet Days in 1898, 
I Year =s 043885) 


Noon. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Mid. 

Succoedmi; 














noon. 








Wintor 






897 

898 

902 

901 

901 

901 

900 

900 

900 

900 

809 

899 

899 

897 

897 

899 

901 

904 

905 

906 

906 

905 

905 

904 

902 

902 

902 

892 

889 

892 

896 

898 

901 

902 

903 

904 

904 

905 

904 

903 

903 

899 

853 

856 

859 

863 

864 

863 

863 

882 

802 

862 

802 

862 

SGI 

850 

860 

873 

876 

877 

877 

878 

877 

877 

877 

875 

874 

874 

874 

869 

862 

864 

807 

866 

865 

806 

865 

805 

864 

803 

80;i 

864 

8B4 

859 

879 

880 

883 

885 

885 

886 j 886 

1 

885 

885 

885 

884 

884 

' 1 

884 ' 

' 878 








Sumnjor 






876 

878 ' 

886 

892 

897 

900 

903 

903 

902 

900 

899 

898 

807 

875 

874 

879 

887 

895 

m 

90,3 

•004 

904 

902 

901 

900 

901 

600 

808 

873 

880 

884 

889 

893 

897 

897 

898 

898 

89.5 

894 

893 

803 

856 

888 

892 

899 

906 

911 

914 

915 

914 

913 

912 

909 

907 

906 

878 

885 

886 

891 

896 

902 

904 

904 

902 

902 

902 

901 

899 

897 

887 

886 

838 1 

845 

862 

856 

856 

855 

856 

855 

853 

851 

851 

849 

837 

872 

876 

882 

i 

893 

896 

896 

896 

895 

894 

892 

892 

1 S90 

867 


Vertical Force as deduced from Table V. 



vMdlM Is sboT* tb« mua, 
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Table VII.—Hourly Moans of tho Inclination, calculated from the Horizontal 


Hours 

Preceding 

noon 

Mid. 

1 

2 . 

3 

1 . 

6 . 

6 

7 

8 . 

9. 

10 

11 . 



67“ ^ 




Winter 






189B. 














Months. 

/ 

/ 


/ 

f 

/ 

/ 

/ 

/ 

f 

/ 

/ 

/ 

Jan .... 

18 8 

18*8 

IN 8 

18 8 

18 8 

18 7 

18-6 

18*3 

18*4 

18 6 

18 7 

19*0 

19 0 

Feb.... 

18 6 

18 2 

18 2 

18 2 

18 2 

18*1 

18 0 

17 9 

17 » 

17 9 

18'1 

18 3 

18 8 

March,. 

18 9 

18 8 

18*0 

18-8 

18 6 

18 7 

18 *6 

18*4 

18 4 

18 5 

18-9 

19*2 

19 8 

Oot. 

17-2 

16 6 

16 6 

10 0 

16 8 

16 7 

16*6 

IG 7 

16 8 

17*1 

17 6 

17'7 

17-7 

Not. ,,. 

ltt'9 

16*9 

16*9 

17 0 

10*9 

16 8 

16 6 

16*4 

16*4 

16 6 

17 1 

17 4 

17 3 

Dec.. « 

16 2 

15 8 

16*8 

15 7 

16 7 

15 6 

15 6 

IS 6 

15 G 

16*7 

16 6 

15*6 

16*7 

Moans.. 

17 8 

|17 6 

17 5 

17 6 

17-5 

17*4 

17 *8 

17 2 

17-3 

17 4 

17 7 

17 9 

17 9 







Summer. 






Apnl,,. 

IH 7 

/ 

18 2 

18 3 

t 

18*3 

/ 

18 3 

/ 

18 4 

f 

18 4 

/ 

18 6 

18 6 

18 8 


/ 

19 3 

/ 

19 1 

May.... 

17 5 

17 a 

17*4 

17 5 

17 6 

17 6 

17 7 

18 1 

18 -1 

Dlo 

19 0 

DXl 

18*8 

June ,. 

17-8 

17 2 

17 2 

17 *3 

17 8 

17 4 

17 6 

17-7 

17-9 

18 4 

IS 4 

18*4 

18 1 

July., 

17 9 

17*7 

17 *8 

17 7 

17*7 

17 6 

1>*7 

18*1 

18 6 

18 9 

19 0 


18 2 

Aug ... 

17'9 

fVlq 

17*2 

17*2 

17*3 

17 3 

17 6 

17*8 

18 0 

18 3 

18 5 

18*6 

18 2 

Sept ... 

18*1 

17'3 

17 2 

17*1 

17*3 

17 4 

17*6 

17 7 

17 9 

18 2 

18 r> 

18 7 

18 4 

Meaus.. 

18 0 

17 5 

17 6 

17 6 

17*6 

17 6 

17-7 

18 0 

18 3 

18 6 

18 7 

10-8 

18-6 


Table VTII —Diurnal Inequality of the 

'lloun Mid. 4. 5. 7. 9 10. 11. 


Summer Moanu. 


/ 

# 

/ 


t 

/ 

t 

t 

t 

t 

' 

) 8 

-0 2 

- 0*2 

-0 2 

- 0*1 

0 0 

+ 0*2 

+ 0*6 

+ 0*9 

+ 1*0 

+ 1-1 


Winter Meann. 

^0•l +0 1 +0-1 0 0 0 0 -0*1 -0’2 -02 -0 1 +0*2 +0*4 +0*4 

Annual Means 

-0*1 -0-1 -0*1 -0*1 -0-1 -0*1 0 0 +0-2 +0*4 +0*6 +0*8 +0*6 


Notx.—W hen tho ugn ie + 
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and Vertical Forces (Tables III and V) (The Mean for the Year = 67® 17'*6.) 


Noon. 

1. 

2 

3. 

4 

6 

6 

7 

8 

9 

10 

11 

Mid 

J 

Succeeding 

noon. 







Winlpr 







t 

/ 

/ 

/ 

/ 

$ 

/ 

/ 


/ 

/ 

/ 

/ 

/ 

18-8 

18*6 

18*8 

18*8 

18 *0 
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18 7 

18 7 
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18 7 

1ft 7 

18 7 

18 6 

18*4 

18 3 

18*1 

18 2 

18 5 

18 3 

18 1 

18 3 

18 3 

18*2 

18 i 

18 1 

18*1 

18 2 

X9‘l 

18 9 

18 7 
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18 6 

18 0 

18 5 

18*4 

18*4 
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38 3 

18 3 

18 1 
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16 7 
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16 3 

16 3 
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17*4 

17 2 
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16-7 
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17 l| 
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17 2 
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Inclination as deduced from Table YIL 
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4. 
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6 

7. 

8 

9. 

10 . 

11 . 

Mid. 
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Winter Means, 
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Annual Moans. 
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; 
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the leadicg is above the mean. 
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APPENDIX Ia. 

Mean VATiUES^ for the years specified, of the Magnetic Elements at Observatories 
whose Publications are received at Kew Observatory. 


Place 


Pawlowfik. 

Kathannonburg 
Eaaan. 

Copenhagen ... 

Stonjburst . *. * 
Hamburg...... 

Wilbolmshaven 

Potwlam. 

Irkutsk. 

Utrecht . 

Kew. 

Greenwich*.. 

Uccle (Brussels) 

Falmouth. 

Prague. 

St Ilelier (Jer¬ 
sey) . 

Parc St Maur 
(Pane). 

Vienna. 

0 *Gyalla(Pe9th) 

Odessaf . 

Pokl. 

Nice. 

Toronto. 

Perpignan.| 

Rome. 

Tiflia.. 

Capodimonte 
(Naples) .... 


Labludo 

Longitude 

Yoor 

■" 

Declination 

Inclmation. 

Hon- 

lontal 

Force 

CG.8. 

Units 

Vertical 

Force 

CG.S. 

Units 

5°9 41 N, 

30 29 F. 

1806 

6 21 -3 E 

70 41-6 N 

•16496 

•47084 

6(5 49 N 

60 38 K 

1896 

9 47 *6 R 

70 40 0 N 

■17811 

60766 

55 47 N. 

49 HE 

1892 

7 30 8 E 

68 36 2 N. 

■18661 

*47345 



f 1805 

10 36 .1 W 

68 47-0 N 

•17400 

44821 

55 4iN 

12 34 

\ 1806 

10 29 5 W. 

68 46 6 N 

•17422 

•44824 



llR97 

10 24 4 W 

68 43 8 N. 

•17450 

‘4482G 

C3 61 !T 

2 28W 

1897 

18 27 -0 W. 

68 63 9 N 

•17236 

•44663 

53 34 N 

10 3 E 

1896 

11 36-7 W 

67 38'8 N 

•18061 

•43921 

63 32 N 

H 9E 

J897 

12 41 a w. 

67 49 0 N. 

■18028 

•44218 

53 23 N 

13 4K 

1807 

10 9‘7W 

66 86-S N. 

•18775 

•43398 

62 16 N 

104 16 E. 

1806 

2 6 2E. 

70 11 8 N 

20130 

•66929 

62 6N. 

n iiu 

1H96 

li 9-7 W 

67 4*6 N 

•18448 

■43618 

61 28 N 

0 19W 

1898 

17 1'4W 

67 17 6 N 

•183r»4 

•43886 

61 28 N. 

0 0 

1897 

16 60-4 W 

(67 7 1 NI 
tc7 0 5 N; 

•18387 

1 *43687 
) -43646 

60 48N 

4 21E 

, 1897 

14 27-3W 

66 19 6 N 

•18017 i 

•13145 

60 OH 

6 6 W ' 

1897 

18 42-2 W 1 

— 

•18695 

— 

60 6 N 

! 14 25 E 1 

1 1897 

9 21-lW.i 


•19884 


49 12 X 

2 6W 

1898 

17 7 9 W. 

65 62 6 N. 

- 


48 49H. 

1 

2 20E 

1896 

16 3 9 W. 

66 1 0 N 

•19685 

‘42264 



fl896 

1 8 8C-0 W 

03 9 0 N. 

'20731 

•40961 

48 15H. 

IG 21B 

J 1896 
1 1897 

, 8 30 5\V, 
8 24 K W 

68 7 1 N. 

■20766 

•207R5 

40044 



L1898 

8 20 8 W 

— 

•20797 

— 

47 83 N 

18 12E 

1896 

7 46'8 W 


■31105 

— 

46 20 N. 

30 40E 

1897 

4 47 3 W. 

62 30 9 N. 

‘23030 

•42372 

44 62 H. 

IS 61E 

1897 

9 86 6 W 

60 28 *0 N 

22088 

•88967 

43 43K 

7 IGE. 

1897 

12 18 8 W 

60 15 *4 N. 

■22318 

•39060 

43 40X. 

79 30W 

1807 

4 63 0 W 

— 

•16660 

— 

42 42H 

2 63 £. 

1896 

13 66 8 W. 

CO 6 9 N. 

22398 

•88048 

41 64 N. 

12 27E 

1891 

10 46 1 W. 

68 4*0 N. 

‘2324 

3730 

41 43H 

44 48E. 

1896 

1 63 7 B. 

66 48*1 N. 

■26670 

•37776 



1 f 1894 

y 41 7W. 

— 

— 

— 



[J 1896 

9 37-OW. 

66 87 9 N. 

•24007 1 

‘36464 

40 63 N. 

14 16 £. 

1 1896 

9 32-IW. 

66 37*1 N. 

•24040 1 

‘36484 


1 

[1897. 9 26-aw. 

60 81 *4 N. 

•24075 I 

•36406 


* Of the two values of the Inclination and Vertical Force, the first is based on observations 
with 3*inoh dip needles only, the second on combined observations with needles of 8,6, and 
0 inches. 

t Inclination and Vertical Force means from six rommer months 
t Inclination and Vertical Force means from five months, January-*May. 
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APPENDIX Ia— cnnlinued 


Place. 

Latitude 

Longitude. 

Year 

Declination. 

Inclination 

Hon. 

Koutal 

Eoroe. 

c.as. 

Unite 

Vortical 

Force 

COS 

Umts 

Madnd. 

o , 

40 26 N. 

<» / 

3 40W 

1895 

16 (I'CW. 

° L 



Coimbra. 

40 12N 

8 26W 

1806 

17 3C-8 W 

69 40-2 V 

•22620 

•38662 

Wuhinffton •. 

38 66 N. 

77 4W 

1 

iHOi 

fl896 

3 39 9 W 
17 36 9 W 

70 34 8 N 
58 11 8 N 

•19979 

•23346 

56646 

87648 

Lisbon. 

1 

88 43N 

9 9W 

\ 1897 
Li898 

17 31 *6 W 
17 27 -7 W. 

I 68 8-2 N. 

1 68 7*8 N 

•23385 

•23418 

•37624 

•37660 

Zi'ka*wei. 

3] 12 N 

121 2fi E 

1896 1 

2 16 G W. 

' 45 56 1 N 

•32679 

•83743 

Hong Kong.... 
Taouoaya. 

22 18 N. 

lU 10 E. 

1897 i 

0 23 3 E. 1 

31 36 9 N. 

•36547 1 

•22497 

19 24 V 

99 12 E 

1895 

7 46 0 E. 

44 22 2 N 

•33428 

32764 

Oolaba(Bombay) 

18 64 N. 

72 49 E 

1890 

0 33 8 E. 

20 65 6 K. 

•37463 

•14826 

Manila. 

14 36 V. 

120 38 K. 

1896 

0 51 0 K. 

16 .39 7 N 

•87868 

*11333 

Batavia. 

CHS 

106 49 K. 

1890 

1 1 22 0 E. 1 

29 20 6 S. 

•86768 

•20796 

Mauritius. 

Melbourne. 

20 6S 

57 33 K 

1890 

1 9 48 7 W ' 

1 54 32 3 8 

•23913 

•33672 

37 60S 

144 58K 

1896 

8 15 0 E. 1 

1 

1 67 18 3 S. 

•23392 

•66036 













APPENDIX II.—Table I. 

Mean Monthly Hesolts of Temperature and Pressure. Kew 
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This table has been compiled at the Meteorological Office from valuca intended for pnbhcation in the rolume of '* Hourly Means *’ for 1898. 
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31 




Measured at 10 A.M dailj by gauge 1 75 feet above ground, t Aa registered by the anemograph. 

The number of rainy days are those on which 0 01 inch ram or melted snow was recorded 

In a “ gale *’ the mean wind Telocity has exceeded 45 miles an hour in at least one hour of the twenty-four. 

In a “ calm ” the mean w ind Telocity for the twenty-four hours has not exceeded 6 miles an hour. 













Meteorological Obserrations.—Table III. 
Ke-w Observatory. 
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kemomph, 70 feet above the general surface of the ground, the original factor 3 being used, 
tered to previous day. t Bead at 10 A.JC , and entered to Bame day. 
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Table II. 

Marks obtaiiiod by Complicated \Vatcbc& duriug the year 



Ordinary seconds chronograpl 















Table II— coniimted. 
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CitoONlAN Lectukk—"O n tho of Motion in Animals ami 

Plants to tho Elex^tncal Phenomena wliK-li nro ass(»cuited with 
it.” By J. Burdon-Sandkkson, M A , M.l), F.B.S j:eceive<l 
Mai*ch 2,—Head March IG, 1X90. 

Ill a Croonian Lecture which I <lolivcj‘ed lo tho Boyal Society in 
1867—more than thirty ycai*s ag<^—I exhilntod a nimihcr of fliagi’ams 
of graphic rocoi’ds, in cvulonco of tho niochuiiiral relations which 1 
then sought to establish between tho nun cments of the he/irt aiul those 
of I’ospiration in the higher animalH. 

I have to-day to biing before you results vhich have .ilso licen 
olitaineil by a graphic method, which howov^cr differs from the other in 
that the records are written by light, and not liy pen on jiaiMii , that 
the time taken in recording is ineaftured in thousandths of 'sCcoihN, not 
tenths; and finally, that the events recorded aio not tho movcnunits ot 
the chest or heart, but the electrical changes which, as will be shown, 
are found to associate thembehes with all manifestations of functional 
activity in living organisms, whenever these take place undei condi¬ 
tions which admit of their being investigated. 

Our purpose is to consider tho i elation of two coiuciilent and con- 
current processes, with roforonco to w Inch wo make at the outset the 
assumption that one is functional, tho other concomitant, using tho 
wonl " function ” in the biological sense to imply the doing by an 
organ of tho work for which it is adaptcil. Tn the oliservatious which 
I have made from time to time during the last twenty years i elating 
to tho electrical phenomena of plants and animals, it has always been 
my endeavour to legaid them exclusively in relation to the lunctioiial 
activity of tho structures in which they mamfcbt themselves. In in¬ 
vestigating tho function of a living organ or organism, you have to do 
with a machine that you cannot take to pieces, and it is often the best 
way to observe how', after its action has lieen an*osted, it goes on again. 
To do this under experimental conditions is one of tho most frcipiently 
used mothoils of tho physiologist. Tho possibility of employing it 
tiepends on the circumstance that all aniimd organisms, and cei’tani 
parts of plants, possess the faculty of being awakened from a state of 
rest to normal activaty. 

Even under the most favourable conditions, tho observation of this 
transition is attended with difficulties which arise from the com¬ 
plexity of the chemioal and mechanical changes, and the shortness of 
the time spent in their aocomplishmont. It is this crowding together 
of chemical, thermal, aiul electrical phenomena into a very brief period 
which determines the method for their elucidation, a method consisting 
to a largo extent of a determination of time-relnf of the order of 
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succession of phoiiomcn.i, for it ih evident that when you have to do 
vith u numher of events which appear to he simultaneous, the most 
effocLual way to determine their causal relations is to ascertain the 
orde/’ of then oocunence. For, inasmuch as one event w'hieh follows 
another cannot ho its cause, the pi oof of their sequence which accurate 
time-measurement riffords may he of infinite value in indicating ^vhcie 
the starting point in a complex senes of changes is to Iks sought foi 

The inquiry as to the relation hetweon functional activity and the 
eloctueal phenomena accompanying it, can only be entered uiion by 
hinling nistances in which lasth processes can l>e olibcrvcd togcthoi 
Amongst these, those aie to ho preferred in which the question presents 
Itself in its simplest hirni, the e\pcrimeiital conditions can he most 
easily controlled, and the ohsenatioiis can bo niiulo wuth the greatest 
exactitude 

It might at first sight seem desirable to licgm by dcseiilnug the 
cloctiical manifestations of functional actiMt^nn the simplest organisms 
and organs There are, how'evei, important reasons for following the 
inverse order To do so is in conformity with the general rule that a 
problem cun he most easily solved when it presents itself in its simplest 
toim. In the lowest org.misms the relation of function to structure, 
so far fiom being simple, is iiccossanly very (omplex, for functions 
of the most varied kind have to ho dischaiged by one and the s«ime 
mechanism, and often in default of <tny mechanism at all that w'o can 
discover, whorcjia in the highci plants and anim<ils we find for the 
must pait that every kind of woik has its instrument, every action its 
agent It is in the highest organisms therefore that elementary phj sio- 
logical questions must lie studied, and it is in them tliat they have heon 
most studied 

Of tlio elementaly vital functions, motion was the one fixed upon as 
the Huhioct of this lecture by its founder Its fitness for our purpose 
is pre-eminent. Motion, m the physiological sense, is simple, control- 
lalile, moasuralile. It is, moreover, a function of paramount import¬ 
ance as the moans by w^hich the animal organism maintains its relation 
to the external world In the higher animals, muuir is the instrument 
of motion, and therefore claims our consideration. It has, in addition, 
the «i( I vantage of being a structure of wluch the chemical, thermal, 
and mechanical properties are better known than those of any other. 
This advantage applies particular!}' to the muscles of the/jyr/, w hich 
on that account, as well as on the grounds which have boon the occa¬ 
sion of their being most studied, are to Imi preferred for our present 
inv ostigation. What we have first to do therefore this afternoon is to 
determine the relation between the electriud concomitants of muscular 
action and muscular action itself; but before entering upon it, I must 
occupy you for a few minutes in stating what is at present most cer¬ 
tainly known as to the uatuie of that action. 
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When a muscle is roused to activity by the presence of an exciting 
cause, its mechanical properties suddenly change. It shortens and, if 
the shortening is resisted, becomes tight, If the resistance is such as 
cannot bo overcome, it tightens without shortening. With reference 
to this mechanical change, we know that it is dopeiidont on chemical 
change, and that that change ih oxulation. Admitting these proposi¬ 
tions, we must necessarily believe that the oxidation is sudden, t.c , 
explosive, because its mechanical effect (the tension oi taut ness I have 
mentioned) attains its maxinmin at a very short period after the 
moment at which the jiroccas begins. 

At ordinary temperature wo find that in a whole muscle the tension 
which is induced by an excitation attains its maxi mum in about 3/100 
second. But if we fix our attention on a single muscular element, 
on one of the infimto number of moloculat mechanisms by the 
cooperation of which the mechanical change consequent on excitation 
is brought about, it can bo show ii that m each taken separately a much 
shorter duration than 3/100 second must bo assigned to the process of 
transition. Accorcliug to Bonistcin, less than 1/100 second must be 
assigned to the chemical process which takes place in a muscular 
element m response to a single btimnlus.* 

This chemical process of extiemo sudilonncss is followed without 
measurable loss of time liy the eonvei sion of the chemical energy of 
the oxidisablo material into mechanical energy, winch nnmodiatoly 
manifests itself either in shortening or m the effort to shorten. The 
way in w'hich this transfer cnce takes place must for the pi*escnt bo 
left an open question, for, as Professor Bngelmann explained in the 
Crooiiian Loctiu'o for 1895, the transformation of chemical into 
mechanical energy conbCc|uent on excitation of muscle, though by no 
means an insoluble, is still an unsolved physical problem. We faiow' 
how much chemical energy is lilicrated, wo know how much work is 
done, and how much heat ih wasted, but we cannot explain how it 
happens; it licing difficult to suppose that the temperature required foi 
such transformation can exist in living muscle. 

The absence of a sufficient physical theory of the origin of muscular 
force does not, however, deprive the mechanical manifostHtions of the 
process of their value as simple, measurable, and controllable indica¬ 
tions of functional activity. A\'hether wo take the case in which a 

* See Pflugor'e *^rcluv,* toI 67, p* 211, 1897, where Bernttoin describes his 
method of mesHiiring the period of latency As in the method dosenbod by me in 
the * Journal of Physiology ’ in 1895, a magniAed imago of the moTing surface of a 
muscle excited directly ts received on a sht, bclimd which a sensitive plate passes. 
From the curve so obtained, Bernstein determines the moment at which the rate of 
expansion increases most rapidly, and regards this as the moment at which the 
moving force is at its maximum This conchiBion, of course, applies to the part of 
the muscle immediately excited 
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muM'le Ktrivcs against a resistance which it cannot overcome, or 
Hhortens without resistance, or does both simultaneously, the change of 
tension in the one caiwj, of form in the other, or of both, are measurable 
processes of which the time-relations can bo ascertained with groat 
accuracy. We aie on safe ground therofore in using cither change of 
tension or change f)f foini as a means of estimating the vital activity of 
muscle, and in fjict both are reejuired. 

For every investigation m which muscular function is in question, 
three points come iirominently forward* (1) The moment at which 
mechanical energy comes into play ; (2) the maxinuun energy dis¬ 
played , and (.S) the time at which that display culminates. As 
legards the hist point, the time occupied before the mechanical 
icsponso begins was, for many ye^irs, believed to bo 1/100 second. 
Tins estimate was afccpto<l as though on the authority of llelmholtsc, 
but was really based on a misunderstanding of his oxpeiimental data. 
Ibit wo now know that the change of form resulting from the action of 
a single instantaneous stimulus begins in the muscle eUment not later 
than 4/1000 second after the moment of cxcitjition, .and 1 may be per 
mittctl to show you how this result can bo arrived at with absolute 
LCi'tainty by the photographic method. (Photogiaph shown ) 

As regards the second and third points, we find it better to measure 
contractile activity })y change of tension rather than by change of form, 
firstly, because the method of measuring tension is loss liable to error, 
and, sccondl 3 % because the process of development of tension is more 
lapid than the development of change of form. For, although with 
the exquisite methods wo now possess of getting ml of inertia in our 
1 ocording apparatus, it is possible to measure the shortening ivith gi'eat 
exactitude, yet it is easier to guard against errois of observation when 
the other (isometric) method is used. 

ILiving soon how functional activity can be measured, we may 
tidvort to the question that pnncipully concerns us this afternoon 
—the question, namely, whether the electrical phenomena may also 
bo regaixled as expressions of functional activity. Assuming for the 
moment the question to bo answ’^crod in the affirmative, with what 
]3.art of oiu‘ tension curve should wo expect the electrical concomitant 
to coincide 1 Assuredly w-ith the first and second hundredths of a 
second after excitation, i.c., with the period of greatest activity of the 
unknown process by which chemical is mplaccd by mechanical energy, 
and, for a reason which I wull at once explain, with the very begin* 
lung of that process. For, as I have already indicated, the transition 
does not occur at the same moment everywhere, and inasmuch as the 
method which we use for the investigation of electrical change takes 
cognisance only of what happens within an area of a couple of milli¬ 
metres, wo should expect it to occur not at a moment corresponding 
to tho maximum, development of tension in the whole muscle, but at 
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the momeut at which tho traiisitw)n ])roccss is going on with the 
greatest rapidity in the elements immediately columned within that 
limited area. Assuming for tho momeut that this rapidity is expres- 
wihlo as a measurable electromoth’O foice, w c shouhl expect tho appeal- 
nnco and disappearance of that elcc-troniotivo force to be represented, 
not by a curve resembling the tension (urvo, but liy a cuivc of tho 
form indicated in the diagiam. (Curve P' in Diagi'am I ) 

Before losing sight of the mechanical changes iihuh have for the last 
few minutes been occupying our attention, thcic aie two other penuts 
which must be shortly adverted to on account of their bearing on Avhat 
follows Tho one is the terminableness and the cyclical chanicter of the 
mechanical process, Tho muscle returns to its 4h(h*{ quo at a certain 
time after it has been disturlwd, a time strictly dependent on tcmpeia- 
ture and other well ascortiiined physiologiCfd coiulitions. Wc do not 
know as yet haw it relaxes, wdicthoi it is merely a physical reaction, or 
W'hethcr it is by the intervention of a new chemical process, Thw la a 
vfmfa which for tho prcbcnt must jenuiin open. 

The second point is that although the mechanical process is limited 
in time it is not limited in space. If it were possible to imagine a om- 
tinnum of contractile protoplasm, an excitation once stalled would go on 
for ever, ^.c,, it would be proiiagatcd fi*om element to element—in oveiy 
direction if it were of the nature of c.iidiac muscle, in two directions 
only if it'were of the natuieof skeletal muscle Foi^ this process to 
take place wo suppose that each clement excites its neighbour. In each 
transmission the time lost is almost luhnitesinial, 3 ’ct by summation it 
acquires a dofiinto value, so that the relation lietween distance travelled 
and time occupied can, when tho temperature and other conditions are 
known, bo foretoUL In so far as each element transmits its state of 
change to its neighbour without loss it resembles tho 2 ^ropagation of 
light and sound, but the velocity of piopagalion is of so different au 
order that tho com|wtrisoii must not bo earned too far. 


Mtthod of Ol>$n ivtwv. 

We are now in a jxisition to enter on tho mquiiy which more 
immediately concerns us. Having tho order of tho mechanical changes 
which constitute muscular action lieforo us, it will bo our purpose to 
compare with this order that of its concomitant electrical phenomena. 
Before I proceed with this comjianson it is desirable to eay that 
it should bo understood that no reference will he made to electrical 
theory. We merely derive our modes of observation and of moasuro- 
ment from tho exact sciences, and aim at the utmost attainable 
precision; but the phenomena have their chief interest as outward 
and visible signs of intimate vital processes, of which they afford us the 
only knowledge that is within our roach. 
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Wo choose as our subject of ohsor\atioii a mmlo of neaily sym¬ 
metrical form—a hiiiul of parallel fibres. Wo oxplote its electrical 
stato, by a coiuluctmg arcli containing a galianoscojie, the ends of the 
au'h being in contact with its surface It the muscle is no longer 
living, the gulvanoacope gl^es no evidence of current If it is living, 
there is again no (unont, provided that the two surfaces are in thii 
same physiological state If one is /rss* living than the other the fact 
indicated ]»y a diflcinice of potential Ixjtween them, a fnrrent flooiutf 
thiontjh the fjoJinno^rope faon the otoie linntt to tht hunt/ ViUlity is, 
therefore, here indualed by iliftcrence of potenti.il By vitality we 
moan nothing more than the capofiti/ Joi th'^ihtntjutg Jinidwn. This 
capacity dinimishes by discharge, le^ by activ'ity. Accordingly v\e 
fiiul that when, for any reason, the musciiUr substaiite at one pait 
becomes more active than the muscular substance at duother, the former 
becomes negative to the latter. 

Kveiy observation of the electrical phenomena of muscle (oi of any 
other excitable structiue) relates either to th(3 stato of capacity for 
action (called in physiology “rest”), oi to the stato of action or dis 
charge In either case it consists in eompaiing the states of twu> 
contacts,* i e ^ of two i»art.s to which electiodes of a galvanoscopo are 
applied It IS obviously desirable for the inv'estigation of the changes 
at either, that those which take place at the other should bo annulled 
during the perual of obsei v%ation. On this consideration a rale is leased, 
to the mode of carrying out of which I will adv^ert presently. 

Most of the results which I shall place liefoie you w’cro obtained 
with the Hitl of the capillary electrometer, of the use of which as an 
aid to oloc trophy Biological investigations I lirought l)cforo the Royal 
Society some instances nearly twenty years ago Its application has 
since been 8tudie<l with great completeness by Mi. Burch, to whose 
skill I am indebted for the instruments which I have used for my w’ork 
during the last ten years, and more particularly for the one which has 
enabled mo to submit to you the photographic losults I am now" about 
to exhibit. These photographs, I need scarcely explain, express the 
exclusions of the meniscus of the mercury column as a sensitiv^e plate 
moves rapully past the slit on which it is projected, each upward move¬ 
ment of the image indicating that the surface of contact connected 
with the mercury has l»ccomo at that moment positive to the other. 

I do not propose to give this afternoon even the shortest description 
of the instrument, and I should not occupy time in explaining why it 
answers my purpose so perfectly, were it not that with the exception 
of Professor Einthovon and Dr. R. du Bois-Rcymond the leading au¬ 
thorities on the other side of the Channel, and particularly Professor 

* It may be well to woto that the contacts referred to liere and elsewhere are 
made by meann of non-polanwiblo eloctrudes of the kind originally derived by 
du Bots-Reymoml and always used in physiological wort 
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Ilermiinn, huvo conilcTnncd ib hh an inbtrumont of which the defects 
are essential and irrcmediahlo. As I h«'i\o finswered these criticisms 
elsewhere, I need only say heio that for the investigiition of the ordei 
and duration of a rapul suceossion of electrical changes, such as those 
with which \\e aio mnr concerned, the instrument surpasses all others , 
and that hy means of it my culleague, Professor (lotch, has with Mi 
Burch’s anl, successfully photographed phenomena m nor\e, of nhich 
the very existence could not ho demonstiated a few years ago.* 

The purposes to ^\lnch wo apply it are (1) for the meaHurement oi 
intervals of time hetween electrical changes which succeed each othci 
wuth groat rapidity, and (2) the ohtaiiung an estimate of their relative 
intensities The properties which make it so iiivaluahle to us are 
(1) that It responds to the action of a cm rent promptly, hoginmiig 
when the current is closed, and indicating every change in its strength 
or direction without mcasurahlc loss of time ; (2) that (nf. pn , the rate 
of ascent la proportional to the electromotive force of the current which 
produces it; and (3) that the instrument can he graduated, and its 
graduation verified hy comparison with mbtiiuiionts of greater precision, 
and thus used for the moasiuement of difloienres of potential of longer 
duration. 

The diagiams 1, 2, and 4 illustrate the hearing of these thiee pro¬ 
perties on the cases wo have to investigate As we shall sec, a mubclc 
can Iw brought into action either hy nn instantaneous stimulus, hy a 
series of stimuli, or hy contiiiiioiw stimulation. Each of these has its 
mechanical and its electrical response. I wull anticipitc so far as to say 
that the three forms of electrical response corrosiiond to the three 
forms of mechanical They correspond to the changes indicated by the 
black linos m the three diagrams. I w ill fui ther promise that all knowm 
excitatory rosponsoH —(til dnfncnl chnnfjc^ ichnh aie roumnitanU of action 
—nnty he complied mth one of th.sc hjp'\ 

Cane 1.—Itosponsc to a continuous stimulation. A difference of 
potential comes into existence at the contacts at the tinio f, and persists 
long enough to produce its full effect on the column. (Diagram 1.) 

2.—Senes of short continuoiia stimulations. The coliimu 
moves in alternately opposite directions. (Diagram 2.) 

Case 3.—Response to a single insUuitaneous stimulation. A differ- 

* Full information relating to the mitruinent ’mil be found in Mr Burch's work 
*The Capillary Electrometer in Theory and Fraotico,' and his papers in the 
* Proceedings' (vol. 48,1890) and ‘ Transactions * (A, vol. 183, 1892) of the Boyal 
Society. A very perfect method of recording the eircursions of the olectrouieter 
photographically and of interpreting the curres was described by Prof. Kinthoren 
lu PflUger't * Archiv' in 1804, and applied by him to the investigation of the 
electkimotive phenomena of the human heart. It need scarcely be added that the 
two methods are the same in principle. An important paper has also recently 
been published by Dr.B. du Bois*Reyroond in the * Archiv f. An. u. Pliysiol ,* 1888, 
p. 516. 
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ei»cc nf potential tomes into existonco abruptly, ami subsnles abruptly 
at fiist, afterwards less lapidly. (F in Diagram I.) 

Now I have found that in the study of my experimentjil regulta it 
IS of great advantage to proceed <v priwi, Lotus assume that theio 
aio three tyjxis of stimulation, and that each hiis its form of response. 
Wa can best begin by inquiring to which of these three forms the 
observed variation belongs, and then determine in what respects it 
conforms wuth, or differs from, the type. 

In the diagi’ams, I have shown the types of photographic curves 
\vhich correspond to the three for ms of response to stimulation I have 
indicated. The faint lines represent photographic curves; the strong, 
variations of potential-difference. In each diagram the strong and the 
faint lilies have been drawn in their true mathematical relation to each 
other, so that the vertical disianre ffjoai f of strong from faint is every¬ 
where jfrojtortioiud to the (piulienior slope of the photographic curve, th** 
pi'oimium Mng Owl if the E,M,F. of tJie nirrent acting on the elecivo- 
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wHcr miird itccm'dimj to fhr sfumj hne^ tlu mi)reu)f‘nt of the head of the 
mncioy cohnvn would he ej'pieased hij the fain/ hue. We shall mjc as 
wo proceed that oiio or other of the three foi ms of photographic* curve, 
uhkh correspond to the thice forms of eloctiical change, just desig- 
ii.ited as typical, picscMits itself in cucm v cvcitatoiy losiionso mo ha\o 
to iinestigate, provided that, as T mentioned just luov, the chunges^ 
under one contact oidy are recorded 

To oiisiu'o this, the evphnmg contacts mast lie so arranged, and the 
muscle itself so pro])ared, as to enahlo us to separate the jiart of the 
surface m^o desire to investigate from tlic rest, so far as concerns its 
©fleet on the instrumout vve aio using as indicator. It is ol»viou*< tluit 
M'hoii wo apply our leadiiig-oft' elcttrodcb to two parts of the surface, 
both of wdiich are at the same time undergoing change, thcic must 
alw'ays be a difticulty in determining how fai the effect is due to 
changes at the one or at the other contact It is theicforo essential 
for the coirect obscivation of «in electrical change at one of them, th.U 
the other should be [iroteded fiom distiubing inducneeN 

Tilt I'nsf f ondftuK ithfl thpemoeid 

An exiieriiuent will show' how this maybe accomplished. It will 
also bring us face to face with a phenomenon whah is, perhaps, the 
most fundamental of those which at present concern ns, the )»henomouou 
of the W'avo of ovcitation, or, to use the designation giv'on to it hy its 
discov'erer, the Peizwellc. The nature of the evjierimeiit is illustrated 
by J)iHgram 3, in whicli the Iwind of jkirallol fibres represents the 
6:ii tonus innscle. It is cMUted (mst.iiitanoously) at i A change 


Dingmui 3 



occurs there w'hich is propagato<l firet to the proximal contact p, and 
then onwards to the distal contact d, at a rate wdiich in our projiaration 
may lie 150 cm. per second. This change is csaontiallj^ a vital one, 
but it is attended by a mechanical change represented by the muscle 
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curve, and an electrical change, which we record photographically. 
Diagram 4 will nerve to explain what (as will be immediately neen) 
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mxplanalioii of Dtaq^am 4 —The liorizoutal lino 
IS IliBfc ut equuxjt^ntiulity of the two Mirhu'Os of 
0011 tat t p Bin I The oumo 1 ^* exprossoH the Pela- 
tivii nogafnity (negatne cliffen'iiee of jiotontial) of 
tlie sulfate p, tho oiivve D' tlio i om'itpoiicliTig rela¬ 
tive negativity of the surfai'e d A’ is a curve tti 
wlnoli the onhnivtos are (he ttlgebraie sums of the 
etnn Mixinding ordinates ot P' and I>*, H is the 
lihotogmphie eur\o uliieli expresses is the 

pilotogiBjiliu lur^e mIucIi ei])resses P. Tlu' ninu- 
h«‘is undt I the lioiizonlul hue ludieate huiidredtlis 
of a seioml Tlie distauee tV expn'ssis the time 
taken by the waie in its progress from p to d 


actually happens at tho moment the wave passes under It means 
that a current suddenly appears there, of which the direction is from 
p to (L When the wave reaches //, a second effect of the same kind (/>') 
occurs, of which the direction is opposed to the first. What the gal- 
vanoscopic effect of this must be is eiisily understood from Diagram 4, 
in which the two curves and // are placed in a relative position to 
each other which expresses their time-relation Tho two effects sum 
together. In the diagram tho curve expresses tho result of that sum¬ 
mation, t.c., tho actual variations of difference of potential between the 
contacts which occurred while the wave was passing from p to rf. It 
will be seen at once why we call this effect the diphmc vanation, 

I explained before, that in accordance with the fundamental pro¬ 
perties of our instrument the curve F would have as its photographic 
expression the curve P. Similarly tho combination-curve would 
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have for its photo^aphic counterpart the cuno *s'. May I emphasize 
the point that if yon have the curve F of a parallel-fibred muscle, yovi 
can calculate from it >> and consequently but that from S alone you 
cannot deduce the otherM In other words, if you know the form 
of F, you know CNciything .is to the form of the clectiical response— 
the ItnzwvUv, 

Let us now take the -n tu.d result. As before stated, the two contacts 
are at p and d, and the muscle is excited at r. The wave aftects the 
muscle first at p then at d, .limI the coiisctjuent movement of the column 
IS photographed (Photc) 1). 



P)»oto^»ap)i 1 • 
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You iecogni.se that it is the counttuqxirt of the deduced curve S, In 
other words it is the expression of the effects of two similar processes 
having their scats at the two conticts. Our aim must now bo, as I 
have explained, to .annul or suspend the effect of one of them, leaving 
the other intact. The method is simple. After h.aving obtained the 
record I have shown you, I tio a fine thread round the muscle between 
p and d. I tighten the ligature so as to constrict the muscle .and again 
record the variation. There is no change of effect, for the wave is still 
able to pass the constriction. I tighten ag.ain : it still ptosses I then 
draw the ends of the ligature hard, and again photograph I find 
the photographic curve is no longer ib' but I\ i e., it has jissumod the 
characteristic form of the j/w/fop/ifti>ir electrometer curve (Photo, 2). 

What has the ligature cffectod I It h.aa exorcised no influence on 
either contact, but it has arrestctl the progress of the excitatory wave, 
so that its effect at p only is manifested, and not that at d The rela¬ 
tion between the two curves {P and is obvious enough when they 
are seen in succession. It will be still more obvious if I place them on 
the screen together, in such a way that they are in synchronic rela¬ 
tion to each other (Photo. 3). 

• Photographs 1, 2t and 3 —Curarised Ssrtoriua kept for obout twenty-four 
houn in O'O per cent. Nulution of chloride of wdium. Temperature during obaer- 
lation 0® C. Contact 4 , A-i*., as m Diagram 5, but p much nearer to d. 
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Tho cx[H3i JiuLMit may l>c fiuthcr varied l)y altering the seat of excita¬ 
tion from ? to thus obtain u photographic record which 

represents w hat happened at tl in tho unligatured muscle. If the muscle 
IS in a normal state, this is an exact lovorsod countcr|>art of photo- 
grfiph 2. 

If instead of placing the ligatiu'C half way between p and t/, we 
place it (lose to the distal elcctiodo f/, the proximal may then be 
placed in a succession of expenmonts at different distances from the 
seat of excitation without altering the foim of the loconled variation ; 
tho tune at which it begins depends in each case on the distance of 
the proximal contact from the seat of excitation.f 

In all of these instances the ligature acts as a hWl, Without 
inteifering vnth tho condition of any other parts it kills the part 
wliicli It grasps and makes it incapable of transmitting tho excite<l 


• Phoiographi 2, amf 8,—Curansod iSartonus kept for about twenty-four 
houn in 0 6 per cent «o1utiou ot chloride of sodium Tcnipcroturo during obscr- 
Tation 9® C. Contact, &c , asi in Piagram 6, but p much nearer to d 

t An experiment of this kind is by far the most exact melboil which we po^seits 
of measuring the conduction-rate in muscle. This rate i» most correctly oxprcMed 

hr the quotient "!!£“ a, measured m two esperimenU 

’ Pilferoiicc between the times 

iu which tho distances are different. 
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state from the structural elements on one side to tlioso on the 

other ; hut if we compare the condition of the uiioxcite<l preptiration 
immediutoly before and after the applicatiori of the ligature, we find 
eiidonco that breach of continuity of function is not the onlj^ elfoct 
produced by it. If the one contact is placed on the ligatuiod part it 
IS found that, irrespectively of any excitation, there exists a large* 
difference of potential between the contacts, which may .iniount to 
four or six hundredths of a volt. 

The Muscle iUtneid 

Now it w easy ]U' 0 \ c that this difference is not duo to breach of 
continuity, for if you shove the electrode aw.iy fiom the ligatuie in 
either directum it disap[)ears. The phenomenon which is thus brought 
to light 18 that to which the great founder of animal electricity, du 
Bois-Keymond, applied the term “ nmsclc-ouTrent,” and when tho 
metluMl I have doHcril>ed is employed, it presents itself in its utmost 
simplicity—for by the act of tightening the ligature previously applied 
under an electrode, you at once bring into existence a state of things in 
uhich tho constricted part is negative to the living parts on either side 

What happens in this case ? MTiat is the difference between the 
state of the surface of contact immeiliatoly before and immediately 
after tho tightening of the ligature 1 Nothing more can lie said than 
that a certain process which w'as going on there and whicli provisionally 
wo call “ life,” Iwing ignorant of its nature, has been annulled What 
we .ictually observe inuv be rojiresentod diagramniatically thus •— 



The dinded line reproMoU tlio graduate wire of a potentiometer; at d is a ligaturo 
M ^et not tightened round a muiicle, p and d are equipotential. The galvano- 
motcr is at zero and the slider of the potentiometer it up to the block 
The ligeture ia tightened; at once the needle indicatei a current directed from 
d to|i, but can be brought by the slider again to sero. 
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The contacts are as shown in the diagram. Before tightening the 
ligature between them they are equipotential, because they both rest 
on muscle in the same physiological state. I lopresent the electncdl 
concomitant of that state by an arrow, by which 1 mean nothing moic 
than that if it were possible to connect p with some other part of the 
, muscle, without passing through another electromotive surface, thcio 
would lic a current in that circuit from to the galvanometer. But 
inasmuch as the actual circuit pusses through d where the same condi¬ 
tions exist as at p, but opposed in direction, there is no current. If by 
tightening the ligature 1 annul the effect of r/, the effect of p comes 
into evidence This statement is simple, and seems to arise natiu'ally 
from the observed facts, but cannot Iks received without question, for 
It suggests that what we call the “demarcation current" has its seat, 
not at the surface of demarcation, hut at the living surface, so that we 
should have to consider the state of Shomloi^tfjkeir* not as a state of 
electrical inaction, but as a state of balance. 

A similar question would arise as regards the response to excitation. 
For when, as we ha\o seen, the Rnziiellc passes under the proximid 
contact (Exp 1), what happens there (during the 100th of a second 
that It 18 passing) is analogous to what 1 have just descnlwl as the 
effect of suddenly tightening a ligature at that spot. The moment 
Itefore excitation a state of balance existed between // and J As the 
wave passes under p it upsets that balance by annulling the outgoing 
current, then pursues its course until it is extinguished by the ligature 
From the moment that the tiiil of the wave has left the edge of the sui- 
face of contact l>chind, it has no action whatever on the indicating 
instrument We have evidence of this in the curve of variation itself, 
for the form of the curve is the same w^hethor the wave is blocked by 
the ligature at one centimetre from the point of obsoivation, or at 
three, which could not bo the case if, as I once imagined, something 
happened at the moment of extinction. 

The complete proof that this is so, is however obtained by another 
form of experiment m which the seat of excitation (i) is shifted from 
the proximal side of p to the proxim«d side of d The unhgaturod and 
therefore equipotential muscle is excited in the two positions succes¬ 
sively. The results show (1) that the excitation wave is propagated in 
both directions, and (2) that the form of the curve varies according to 
the order in which the electrodes are reached. This having been deter¬ 
mined, the progress of the wave is stopped by a ligature under the 
distal contact dy and the excitations in the two positions repeated. It 
IS now seen that the form of the wave is the same whatever the direc¬ 
tion from which it approaches the point of observation p. When the 
excitation is proximal to d, it is not now anticipated by a variation at 
d, and there is consequently a long delay (see Photograph 4) during 
which the electrometer is unaffected. The experiment affords direct 
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Photograph 1.* 
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e\i<lence that, although the whole inuhcle is in circuit, the prcscnt'c of 
the w'ave cannot reveal itself until it is foulrr t/rUnH/c As regants 
the action-current therefore, the electromotive source is alwciys the 
surface of contact of the leading-oflf clecliotle with living siibstimce, 
not the surface of coiiUict between dead and living. 

We may now resume our consideration of the form of the propagated 
mouophaaic vunatum, or cvcitatory wa\e, Tt would bo e.wy to prove by 
the exhibition of numerous photogiaphs of the inoriophusic variation 
relating to ibtfcrcnt muscleh, that all have the same chai iwteristic 
features, indicating that in each nuiscular element the clecti teal change 
culminates from two to six thousamlths of a second attci excitation, 
according to the pliysiological state of the rniisclo and the tiiiio it has 
l>een kept, subsiding at first abruptly, afterwards more gr.Mlnally, so 
that its whole duration (i.e , to the Miimuit of the clortiumetci curve) 
amounts to from tw^o to six hundredths of a second. 

The discoverer of the RtizwelU^ Professor Bernstein, lusbigned to it a 
very different duration. ‘*In every element of muscular structure, 
the variation lasts between 1;250 and 1/300 second, anil coincides with 
the period of latent stimulation ” At fiist sight this stati'incnt seonis irro- 
eoncileable with fact, but it in much less so than it apfxuiis to ho. We 
have only to assume that JBernstoin’s method of estimating a small and 
transitory difference of potential Iwtwcen two surfaces, wan not suffi¬ 
ciently delicate to enable him to appreciate those which exist during 
the period of decline, and that what he itigarded as tho duration of the 
whole variation, w’as in reality tho duration of its summit only. How¬ 
ever this may lie, it is clear that wx may divide the period of variation 
into two parts, which w’e may call respectively tho initial rise and the 
decline, of which the latter lasts eight to ten times os tong as the for¬ 
mer ; and that we may regard the first as a period of upset, tho second 
as a period of restoration. Taking iht jycriod of wpsei as equivalent to 

* QimriBod Sart^iriiia kept for twrnly-four houn Seat of excitation between 
tho leading off contoete, 4 nnn from 20 mm. from p. 
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Benistein'ft n/^fjnfivr SrhwnnLunff,** wo ran accept all he says as to its 
f ouioidencc in time with the mornont of greatest intcnaity of the pro- 
t(N8 })y which chomiciil is tiansformed into mechanical energy—the 
luomont in the bhort(Miiag of an unloaded muscle at which lis rate of 
fhanqe imrea^e'< mo\t As regards the period of decline, it might 

suggest itself that the rctig:n of each element to its previous state is iii 
cveiy instance the ovprossion of an analxilic process, not merely a 
lesult of the cessation of the op|)osite process. The facts we are con¬ 
sidering, however, load us for the present to regard the whole varia¬ 
tion as the concomitant of one and the same chemical process, and we 
are confirmed in this mow hy the ohser\ation that, as we shall see im- 
inodiatoly, the iiiodificatioiiH which the monophasic variation iindoigoos 
under ovtcrnal or acculental (‘omlitioim afTect both sUges equally 
Of these comlitions one of the most important is temperature, jiai- 
ticularly when muscles which have been kept for some time in phyMo- 
logical salt solution aic ubod * We have hitherto had in view the Sai- 
ton'ua w’hicli has Iweii kept for some tw'cnty-four hours, and is at the 
temperature of alMuit 10’ C By placing it in a cooled chamber at 
a temperature some O'" C, lower, and allowing it to remain there until 
it has acquired tlio toni|K'iaturo of its envuonment, its mode of le- 
sponding ia not changed, but oidy in its i elation to time In shoi toning, 
it takes a longer time to attain its minimum length, and if its con- 
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tiaction is resisted, its period of effort is of longer duration. Conse¬ 
quently it IS able to do more external work in a effort than 

liefoio, although it is not able to support a heavier weight or maintain 
n greater tension in a rtwd/wr/ws effort Now all these modifications 
depend, so far as I have been able to ascertain, on diminution of the 
rate of propagation of the excitatory wave. As has been already 
stated, we arc able to measure this rate with great facility and accu¬ 
racy. By alternately cooling and warming our chamber wo can deter- 
iniiio in any number of instances the change of rate which a difference 
of 2”, V, or 6“ C. pro<lacos, and compare the data so obtained with the 
effects of the same changes on the duration of the monophasic A'uriation 
and on that of the mechimic<*il effort which it accompanies. 

* * Journ of Plitslol.,' vol. 23, p. 832. 
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Up to this point the phenomona wo htive h.wl niuler conauleratioii 
have been associatocl with the response of a niiLscIe to a single instari- 
tancoiis excitation, % the monophiiaic vai lation anil the momontai y 
contraction which it ushers in. We must now iwish on to the eonnufeiM- 
tion of the electrical concoinitiiniH of those foims of contiaction which 
moie obviously resemble the natuial action of muscles 

Physiologists have for half a centuiy taught that natural muscnlai 
fVetion, whether reflex or volunUry, is made up of single coutuictions 
s)f (lefiiute duration, such as those wo have boon consideimg, f e y ot -i 
ihythmical senes of such contiactions of definite froijucney. This doc¬ 
trine—that voluntary motion is a well organised system of twitches—is 
now commonly expiesaed by calling it a /rhiiois, a woid whidi was 
some fifty years ago diverted from its medical signification to !>c 
adopted as a technical term in physiology, but not precisely in its pre- 
sent sense. What is now meant by it is that every contractinn, how¬ 
ever continuouB it may appear to be, is in reality discontiimous. Tins 
conclusion was arrived at by a method which, though somotimea of 
great value to the physiologist, docs not always lead to the discomy 
of truth—the method w^hich consists in first imitating a natural pro 
cess, and then mentally transfeiiing the chaiactciistics of the imitation 
process to the natural process which il lepvcscnts In the present 
instance the study of aitificial tetanus has taught m a largo proportion 
of w'hat we know as to the properties of muscle, but not much almut 
voluntary contraction. In assuming the identity of the latter with 
exponmental tctamis, physiologists haAC perhaps minimised certain 
fundamental diflicultiea and assigned undue value to ccitain analogies. 

Of the difiicultics, the most obvious one is that discontinuity could 
not, if It existed, bo of any advantage For if we regard the musculai 
system as the mere instrument of the central nervous system, and oveiy 
muscular fibre as the instrument of the motoi cell which governs it, it 
IS difficult to see how subjecting that muscular fibre to a rhythm of its 
own could have any other ofloct than to interfere with its efficiency. 
Of the analogies the chief arc, fiist, that just as when you listen to a 
muscle in artificial tetanus yon hear a mubical souml of which the 
frequency of vibration corresponds to that of the stimuli, so a mxiscle 
when contracting voluntarily gives out the qmnti-nimim] sound, which 
Wollaston compared to the rumble of wheels over pavement. The 
other analogy relates to the reflex spasm of strychnine, which is not 
only rhythmical in itself, but is accompanied by a senes of electrical 
changes which are as rhythmical as if they were evoked by a scries of 
stimuli. The discussion of the muscle sound lies outside of our present 
inquiry: the spasm of strychnine will be considerefj after we have 
examined the electrical concomitants of artificial tetanus. 
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The piMiit to which T have first to draw your attention is the form of 
photographic curve which is ohtaiucd when the iSartorius, injured under 
one electronic hy a ligature, lu excited hy a series of stimuli of which 
tlio frequency is alnmt CO |>cr second* The photograph shows that 
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the column rises at hist ahruptlv, Init afterwards in such a way 
that the rate at which it riHCK ik ut any moment pioportional to it» 
distanco from the point to whkh it will eventually arrive, i.r,, to the 
distance hctwoeii the corrcs])Oiidiiig point of the curve and its asymp¬ 
tote, The clcotncal state, thcrofoie, which comes into existence when 
n muscle is letanisod (? c , sulijoctcd to a frcnpient senes of excitations) 
coi responds to diagraui I In other wwils, the electrometer is acted 
on )>y the aaino difference of ^yotential iwtw'een its terminala through¬ 
out, with the exception that the effect of the first, or first couple, (tf 
excitations is often greatei th.ui that of the succeeding ones. Although 
tins hardly needs proof, it can Iki eiw^ilv verified hy direct experiment. 
With this view our circuit is so ariMiigod tlmt w'o can, wu’thoiit altering 
the resistance, })roject on to a secoud photographic plate the effect of 
allowing a constant dirteieutc of potential to act on the mercury column 
just as tho plate is pissing In^hind the slit. On comparing this curve 
wdth tho tetanus curve thev me found to ho nearly identical. 

(iOt us now take tho case iff which a muscle is tetanised in the same 
way os in the last instance for a succession of [leriods of oiie~fifth second, 
altcrnaung with equal |)eiUMIs of rest (Photo. 7). The complete cor¬ 
respondence of the photogriiphie curve with that represented m 

* 8arionu]i uot ourAruoii ludimt excitation The uudulAtioni on the line of 
asnent iudieato tho frequency of tho ilimuh—60 i>*'r lecond. Tho mdul line- 
indionlee here, not the moment of itimnlsUon hut tlmt at which the ehort circuit 
of tho eecondarj coil wm opened 
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diagram 2 indicatos that the conditiona coi respond with those which 
are there theoretically represented. During each period of excitation 
(tetanus) the movement upwards of the meniRciis is determined by the 
difference of potential. During the intervals it follows in its fall the 
similar curve of dcpolansatiori. 



From this we may now proceed to other forms of eYperimenU 
tetanus in which the excitations are less frequent. Provided that the 
frequency is not much loss than 40 per second, the general contour of 
the curve resembles the other one, with the exception that the effect of 
each excitation is seen separately (Photo. 8). If the frequency is 
diminished to 20 second the undulations are more ample, while the 

Flioto^rapli S.f 



curve rises to a lower level, the reason obviously being that the electro¬ 
meter is acted on by a smaller number of excitations iii a given time. 

* Fiequraoy of excitation oa in Photo. 6. The original shows similar undulations 
in the ascents, whloh the oopj hr inadTerienoe does not show, 
t The first four undulations have been imperfectlj copied. 
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DiminiBhing the frequency still further (to 14 per second) we obtain 
curve (Photo. 9) of which the character is that of a series of equal an 
hinular monophasic variations. 


Tlif^ 

Wo now go on to conipaio the \ailation-curio f)f artificia] tetanus 
with the nearest appuj.ich to a normal contiaction wc can obtain for 
iiivestigHtion, M 2 ., the reflex lesponso of the motor appaiatus of the 
spinal cord to an instantaneous stimulation of the eutanoous surface 
A ligature is applied as before to the tibial end of the Siirtoriiis under 
the distal eoutac-t, but uni'^niuch as the muscle must now be excited 
through Its iieive, the pioximal loading-off c'ontact is on the hilus. 
The mo(l(5 of excitation is the same as befoic, but in this case the effect 
has first to be comnmrucatod to the motor cells of tlio spinal c<ird 
through the seusoiy ap]>aratu8, a process which occupies a relatively 
considerable length of time. The motor I'clls then deal with it auto¬ 
matically, responding to it in their own way, and inducing in the 
niiisclos under their control an action which is the faithful and exact 
expression of the changes going on in themselves. 

As is well known, it is not possible in a normal preparation to obtain 
an unfailing response to an instantaneous stimulus applied to the 
cutaneous surface, but the previous injection of a trace of a strychnine 
salt (r./;., 1/30 milligram of the Milphate) is sufficient to give to the 
motor apparatus of the cord the re(|uirod degree of excitability. A 
single induction current applied to the bkin then evokes in the 
fSartorius and other muscles, first a twitch which resembles the 
response of the same muscle to a sinnlar stimulus applied to its nerve; 
a little later, this twitch is replaced liy a short, sometimes thrilling, 
spasm resembling a short tetanus* What I have to show you is that, 
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although tho reflex spnsm i caemble« a short artificial tetanua a« roganls 
the way in which the muscle contracts, the contractions are shown by 
their electrical concomiUmts to Iks of a diflerent nature. Tho etrych- 
Tune spasm, as it is rightly culletl, is seen not to lie a tetanus, ? c., not 
to consist of a senes of single twitches, but to Iw a succession of con¬ 
tinuous contractions, the rhythm of which depends on tho spinal coid, 
not on tho muscle. 



The grounds on which this conclusion is foundG<l appear to me to bo 
unequivocal. The observation is a simple one. Tho automatic 
mechanism, which carries tho photogi’aphic plate, liberates as before, 
at tho beginning of the period of exposure, an induction current which 
pricks tho skin of tho jireparatioii. After an interval which may bo 
about a tenth of a second (during which a Y/r^^sj-psychological process is 
going on in the spinal cord) the muscle responds. A curve is drawn 
simultaneously by the writing lever to which the end of the muscle is 
attached, which indicates that it is in spasm ;t but it is the photo¬ 
graphic curve which tells us the luitme of that spasm. Each ascent of 
the meniscus is seen to be tho response, not to a single instantaneous, 
but to a short continuous, stimulation, of which the duration can be 
easily deduced by measuring the time interval between the beginning 
and the culmination of an excursion. By subjecting the muscle arti¬ 
ficially to senes of excitations of similar duration with conesponding 
intervals of inactivity, one can produce an imitation of the strychnine 
spasm which, both in its mechanical and electrical characters, resembles 
the natural one (see Photo. 7). 

* Frethlj prcpu«d Sartoriut att«cbe<) U> pelviH and oonneotad to spinal cor<l by 
iU nerre. Treading off electrodes on liiliM and tibial end Eioiting electrodes 
applied close together to skin of flank of deoapitated preparation. 

t The caire is often toothed, the teetli corresponding in frequency with the 
electrical undulations. 
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Before leaving the subject of the strychnine reflex, I must refer very 
briefly to such previous observations as bear on our present inquiry. 
The phenomenon is of interest as being one which could not have 1)een 
discovered had we not possessed the capillary electrometer. Its dis¬ 
covery was, indeed, the outcome of the first attempt made by Professor 
C Lov^n to use that instnimeni for the investigation of the electrical 
properties of muscle just twenty years ago. Ho was good enough to 
make for me the electrometer which was used in some of my own 
earliest experiments. Shortly afterwards, Mr. Page devised the 
method of obtaining photographic records of our own results and, 
amongst others, of those of Lovdn relating to the strychnine spasm. 
Lov^n’s observation has served ever since as a support for the doctrine 
of discontinuity. No one would l)o more willing than he would, if he 
wore vrith us this afternoon, to recognise its true meaning. 

The conclusion to which all the facts we have had before us up to 
this moment lead, is that normal muscular action is the manifestation 
of what happens in the motor nervous system. If this motor impulse 
IS so short that we are obliged to call it Mwtontoncoiw, the response is 
correspondingly brief; if it lasts longer, we call it €OfUinv4ni»^ recognis¬ 
ing that the diflerence between the two is merely one of duration. 
In either case it is of the essence of the response that it is terminable. 
There is no difiScuIty in understanding on teleological grounds why a 
muscle vmd relax; but of the mechanism by which it is brought about 
we know little, excepting that it is localised in the muscular structure. 
Each element—each tagma—returns to its »Uiin$ qtm ui the same way 
in a cururised muscle os in a normal one; but whether this power of 
recovery is a process by itself, as sumo phy siologists hold, is a question 
which is at this moment much debated, but by no means settled. It is 
only in so far as it relates to the electrical concomitants that it here 
concerns us. Without prejudice to the question whether, as Pick and 
Gad maintain, the relaxation of a muscle is dependent on a special 
chemical process or not, it falls within our present scope to inquire 
whether by comparing with a normal muscle, one which not only does 
not relax but has been deprived of the faculty of relaxing, we can 
arrive at any electrical indication of such a process. Fortunately wo 
ha\c withm reach a means by which this experiment can lie mode 
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The alkaloid veratrine* is an agent by which a muscle excited by an 
instantaneous stimulus is deprived of its power of recovering itself. 
The quantity of the alkaloid required to produce the effect is extremely 
small. The addition of one part in a million of veratrine to the 

* The rersirins us«d wa« kiadlj prepared by my fnend Prufeuor Dunstan, 
FAS. 
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physiological salt solution in which a miisclo has lioen kept for severjil 
hours, is suflScient to give it thin property or, as it may l>e exprciswl, 
to “ veratriiuse " it thoroughly The alteration of the properties of a 
muscle by veratrino in such a \%ay that it root nine an effort onco 

begun, has lieen long known. It w an example of perfectly continuous 
contraction. Normal muscular contraction heing roganlo<l, as I have 
Hfiid, as discontinuous, the relation lietweeii it and the continuous con 
traction of voratrinisod muscle haa not l>oen Kufticieiitly considered. 
When therefore we sot to woik to measure the mi\imuni contractile 
effect of a ‘‘voratrinc s|).isni,” f was ])oth surpnsod and gratified to 
discover that the tension of a \oratrinisod muscle, when excited by a 
single instantaneous stimulus, avhs as groat as that of a similar but 
unveratrinisotl muscle w^hen subjected to a succession of stinmh, ie, 
when artificially tetainsed It can abo lift as great a lo.ul and hold it 
\\]i for several (10—20) seconds attisgieat a height (Truemgs shown.) 

We then proceeded to iinestigate tlie elcetriral concomitant of the 
icratnne “tetanus,” if I may so rail it (Photo 11) and found it to 
be identical with that of an artihi lal tetanus produced by a sucression 
of stimuli of sufficient freqiiencv Its true character can Iw liest 
judged of by comparing it ivitli Photo l‘J, which was obtained by 



introducing into the unchanged circuit a constant difference of potential 
in the way liefore explained (p. 54). ^ 

The fact that the yeratrine spasm has the mechanical and electrical 
character of a continuous contraction is of value, not from its bearing 

* Sleotncal rosponie of ounrited and larutrinuad SsrionUB to an inatantaaaoua 
fttimuUUoD. Loading off oontaoto at middle and tibial end, exciting eleotrodee 
near pelvio end. The inituil riio of the curve li itoeper than that of tlie comparuou 
ourro (Photo 12). 
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Photograph 12.* 



on the mode of .U'tion of a particnlai chemical Bubstance, but from the 
evidence it affords that discontinuity is not essential to energetn* 
display of contractile force. In this respect it would lie wholly 
ii relevant to object that the data derived from experiments on ri 
jmisonod muscle cannot be applied to a normal one All that it 
required to prove is that it is possible for a spasm which is not dis¬ 
continuous to 1)€ iis effectual for the doing of exteiual woik as a noimal 
contraction. It can hardly be disputeil that the contraction of a vent- 
tniusiMl muscle is continuous. It is, therefoic, no longer possible to 
;issert that discontinuity is essential to fnnctumal capacity. 

That our results differ from those of other observers is to be 
attributed to the mode of using the alkaloid, and to the homoeopathic 
niinutoncas of the dose. We estimate the quantity of veratnno which 
actually enters the muscle not to exceed 1/10,000 milligram. 

The llmrt. 

We now turn from the skeletal muscles to the organ by the 
rhythmical contractions of which the circulation is maintained. The 
moohanica] response of cardiac, like that of skeletal, muscle can be 
evoked either directly or indirectly, but the heart has this peculiarity 
that ejich part of it has attributes which wo are accustomed to regarri 
as nervous rather than muscular. It has alwve all the property whicli 
belongs, as we have seen from our experiments with strychnine, to the 
motor cells of the spinal cord—(hat of discharging itself rhjd^hmically 
when in a state of continuous excitation. It is characteristic of heart- 
muscle that it exhibits alternating periods of rest and activity, and we 
have now the clearest evidence that it is not in virtue of its possessing 

* Oomparivon curve obtained hy leading off from the compenruitor a current of 
B.M.F equal to that of the ** action current *'} leaving the unexcited muicle in 
circuit. 
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nn intrinsic nervous system that it has this property In anothoi 
important respect it resembles the motor apparatus of the cord, namel^v, 
that its relations to stimuli are governed by what has boon called the 
** all or not at all ” principle It either floes not respond or, if at all, 
responds completely In these respects, therefore, the action of the 
heart is coraparahle neither with that of muscle acting iudopondeutly, 
nor even with that of the miLscle ner\c preparation, hut rather with 
that of nuisclo acting undei the direction of the motor nenum w^huh 
governs it. 

I 1>egan the investigation of the electrical phenomena of the heart’s 
boat in 1881 with Mr. Page. We made out two now facts, namely, 
that the electrical change which is evoked by excitation of the surface 
IS propagated, at a rate dependent on temperature, not in one direction 
only but in all, as Eugelmaun had .vlrcady shown to lie the case with 
regard to the wave of contraction , and secondly, that the monophasit* 
A'anatioii la not, as had been supposed hy previous observers, an instan¬ 
taneous change, but lasts during the whole poiiod of energetic systole. 
But neither Mr. Page nor I understood then the nature of the initial 
“ spike,” which is so striking a feature in the photographic record of 
the variation in the uniiipnvil hcciit. Poi its explanation I am indebted 
to Ml. Burch, w'hose invcatigalions on the use of the capillary elcctio- 
ineter for measuring the electromotive force of currents of short 
duration have been of so much value tf) physiologists. The moment it 
was understood that the spike indicated a diphasic variation analogous 
to that of the muscle, I felt that I had the key to the complete under¬ 
standing of my own previous observations I was, moreover, able to 
bring those into complete harmony wnth those of Professor Kngelmaim 
made about the same time with the rheotoine and galvanometer. 

Let me ask your attention to the photographic curves of the diphasic 
and monophasic variatioiifl w^liich I have placed one alwive the other in 
hynchroiiic relation to each other. It is to bo noticed that the move¬ 
ment of the recording surface is \cry slow, aliout a contnnetre a second 
only. To obtain the monophasic curie you have to place the distal 
electrwle on a spot w^hich has been devitalised by scorching, and which 
is consequently physiologically inactive, the proximal eloctroilo on the 
luniig surface near the junction Iwtwecn auricle and ventricle. The 
instantaneous stimulation is applied io the auricle some couple of 
millimetres dist;int from the proximal leading-off electrode. The Itn> 
is propagated from the auricle to the base of the ventricle and 
then on to the devitalised s|x>t, so that before it arri\es at the contact 
it IS extinguished ^ Coiisoquently the change which is expressed by 
the electrometcr-curvc takes place exclusively at the proximal contact- 
surface. It differs only from the monophasic variation of skeletal 

• This mode of observation correspond’* to Mir first fundameiitsl experiment in 
muscle (see p. 45) 
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there is a complete an.ilog;v’ between ibe monophaaiu anil tliph.isii* 
variation of the he.ivt .ind of muscle, u spectively, providc<l that wti 
Imar in mnul that the one is «i iespouse to a nhort eoutinuous stimul.i- 
tion, the other to an iiist^iiiuineous one. 


-My last cvaniple ot motion and accompanying eloftiictil plie- 
norneiia 1 \vill talvc iiom the plant Ar> oveiyone knows, there an* 
certain parts (tf some of the highei plants which lespoml to stiinnlalioii 
like the motor oigans of .inimal!!) These instances have been leganled 
iift indicationb of tlic clo-.e lelationship which exists between plants and 
animals as rcgaids their elementary physiology. The subject atU acted 
the attention of Mi. I)aiv\in in lelation tf) certain insectuorous plants, 
and It was at his hUggesUon that the observations to which I am now 
about biiefly to icfei, wcie ni.ule The electrical changes can be niost 
e.thily studied and in the njo-^i striking way in the Ic.if fd 

Jlioiicua. The l(*adinga)fl coniacth aie applied to the opposite surfaces 
of one Iol»e of the leaf, In the resting ‘'tatc the one suiface is foninl 
to l>c positne to tJie oth(*r At ,1 ccitain moment, a hair on «>ne lob<‘ 
some 10 or IJ millimeties away fiom the jilace under iinestigation, is 
touchecl by a camel-han* pencil oi exciteil by an induction cinien! 
The surfac-o which was bcfoie positive becomes less so, <uid the cuive 
desenbed lOHOTubles, as you see, the nmnophasic heart curve 

It IK not nccessaiy on the ]»reaent <ucaHion Ui do more than refci Ut 
this typical expet imerit, by whuh it wa*- shown for tlie first time that 
ihc migiation of Inpiid, and conscipient "iidden closure of the lolies on 
excitation, is accompaiin'd by an eleetncal change analogous to that in 
lonti acting muscle, and that in the le.il this is propiigated at a late 
varying with teiiii>ei,itnie Vlthough the ox penmen t is one of extreim* 
simplicity the method of investigation Ims not, so far as I know', been 
pill sued by any plant phyMologiat. The i nticisms whit h were bestow od 
on it by animal physiologists 1 w^as .ible to ansiver in my second com- 
muincntiou to the Koyal Society, and have now the satisfaction to hnd 
that the expeiimental data set foith in that paper are given in full in 
Jbedormann’s imjKirtant tieatise on ‘ Eledio-rhysiology.* 

I have nov\, though in a vciy incomplete w^ay, deHcribocl the pheno¬ 
mena bearing tm my su>»]ect so far a** 1 have lioeti aide to oliHervo 
them. May 1 be permitted to Hubniii to you the irnbcatioiis whuli 
they seem to mo to alTord ? 

In striated muscle the primary effu* c of every excitation is a process 
of oxidation having its seat at the excited pait. It may bo siumised 
that this consists of two stages, namely, lilieration of previously intra¬ 
molecular oxygen, and actunl oxidation In a single clement of 

V01-. LXV. V 
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museuLir structure the duration of this process, when induced by art 
itHtantcineons stimulus, must I»o CKcoodingly shoit, and corresponds 
unit that of the excitatory \ariation ; Jmt in the M’holo organ may 
List until the development of tension lias reached its nuxniiuiiK 

W^e have further learned tlut the inoiiophasic \aimtion is a phono- 
iiionoii of great regulaiity, and may bo taken as the typo fiom which 
all othei forms of lesponse to stimulation may lie dorhed, eithei liy 
U'jietition, piolongation, or inteifeieuce 

Although no attempt has been made to settle the rpicstion whether 
the uatuial coutiaction of muscle is discontinuous, it has hcou shown 
that the electlical phenomena of reflex contraction ,iftnrd no giouiid 
for supposing that it is so The efficiency of the venitrine spasm 
seems, at least, to justify us m doubting v bother discontfumty is an 
essential ((uality of muscular contraction 

Finally, reasons have lieen given foi thinking that the phenomena 
known as the “muscle current” and the “demarcation CttiTCnt”are 
inanif(‘stations of processes which have then seal at the surface ot 
contact betw'cen electrode and living muscle. 


Jp/d 20, \m. 

The LOItD LISTER, F.R C S, D C L , President, in the Cluir. 

A List of the Presents received was laid mi the table, ami thunks 
onleiod for them. 

The following Papers wore read .— 

r “Tlie Physiological Actum of Cholme and Keiinno ” Ry Pu 
Aforr, F R S , and Di IIatxuujktox, F U S 

II “ On Intestinal Absorption, especially on the Absorjitiou of Seruin^ 
Peptone, and (tIulusc ” By Profeshoi E Waymou'IU Ktuiu 
F.R.S 

III. “Studies m the Morphology of Spore-producing Members. IV. 

The Loptosporauguitc Fcrn.s.” By Piofessor F. 0. Ikwi it, 
F.R S. 

IV. “ Note on the Fertility of different Brcoila of Sheep, w'itli Remarks 

on the Prevalence of Abortion and Barreuneas tberoin ” By 
W. IIkapp:, M.A. Commimicutwl by Professor Wei.don, F.R.S. 

V. “Some further Remarks on Red-water or Texas Fever.” By 

A. Edington, MJi. Commumcatetl by Dr Gill, F.RS. 
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“A Su^rar Bactetuim.’' By H. Marshal* Waiu), rBS. aiul 
J liBYNOLDS (iitEKN, F B S IJecoued March 2,—Koad 
March 9, 1899. 

In tho ‘Annalriof BoUiiy * for 1897,* ono of us published a short 
note on a ciinous orgjirusni—or lathcr Hasoriatioii <if organisms— 
ohtHined in Pans, and said to have como from Mculag<iscar, where it 
occurs as “an cxcrcHccnce on tho sugar-cane ** 

It consists of a luicterium associated with at least one yoast, and 
grows in aaccharino holutious, piodniuig clumps so like tho ginger-becv 
plaiitt that the assumption seemed wan anted that wo had hero a 
symbiosis of tho same kind as that proved to occui there 

Moreover, the geiioral com sc of events in the nse of this body, which 
IS employed to make a fermented ollorvoscing <lnnk fiom common 
]»rown sugar in water, points to the same conclusion 

In moderately strong solutions containing 15 to 20 per cent of 
common sugar in water, tho clumps referreil to induce a powerful fei- 
mentation, resulting in the liberation of relatively enoimous quantities 
of carbon dioxide ami some acid, tho saeshanno liquid Ixung thus 
conveited into a not nnjdeasant acnl dnuk, with some vescmblanco 
to lemonade or gingor-beer 

From the fact that this fcrmcuUtiou occuis rapidly when the corked 
flask 18 entirely lilled with the recently boded sugar M.)lution, infected 
wnth a few clumps of tho organism, it is clear that oxygen is not 
necessary in any quantity 

This conclusion is also oonfiimod by tho obscnatioii that if a bottle 
of soda-water is opened, and a handful of sug.ir added with a few of 
tho clumps, and at once corked and wiied, the piessuro of the carlxin 
dioxide liberated diuiiig the active fermentation which at once ensues 
Iwcomes so great m thice or four days at 22 ' C , as to cause <langer ot 
bursting the flask, and if a manomotei tul>e with mercury is attached, 
as desciibed m the paper alxive referred to,^ tho Imlibles of gas pi eased 
out come oft steadily for many days, or even weeks, at ordinary 
toTupei atures, until no more sugar is left. 

The general resemblances to tlio ivcll known kophir, also refeirtvl to 
in tho previous paper, led ono of us to icpeat the above experiments 
w'lth sugar and milk, instead of soda-w^atcr, wuth the result that carbon 
dioxide came off as licforo until all tho sugar had disappeared, the milk 
moanwhilo undergoing coagulation into clots, but since these dots 
romamod unaltered for weeks or months^ this cx|ierimont suggests 

• Marshall Wnrcl, “ On the Qinger-becr Plant," * Aniialn of Botany,’ 1807, vol. ii, 
p 341 

t ‘Phil. Trans.,'B, 1893,pp 126-197. 

X iOfl cxl,, p. 137. 
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that the orgHuifim—unlike kophir—does not ferment the milk itself, 
luit only the added sugar, and that the clots are simply due to the iicnls 
hlKjrated as the sugar is destroyed, a conclusion fully l>orne out hy 
fiuhsequent investigations. 

A preliminary experiment with the gnigerd)cer plant showed that it 
also Inihaves in the same way as regards nulk, the fermentation only 
ocems if sugar Ikj afhled, and lasts only so long as any sugar lemaiiih. 

In the cases lioth of the present organism and of the giiiger-heer 
})lant, if a clump he placed in steiihsed Isier wtut, the resulting fermen- 
talion gives a Irothmg Inpiid with a l)eer-like taste and smell, and a 
rapid de[X)Sit of yeast occuis. This primary feimentation is very soon 
finished, and it is abundantly provctl by the expeiinienta that this 
medium favours the yeast—or one of the yeasts—lu the clumps, so 
th.it wo may regard this fermentation as merel}' a p.irtJculai case ot 
an impure alcoholic fermentation, such as is got in ordinary brewing. 

Dm mg these prclimumiy trials, and with the object ot testing 
whether acidification of the Inpiid fiom the first w'ouhl atieotthe mattei. 
It happened to one of ns to select leinon-pnce as the medium m one 
case, iKUtly to acidity the medium, and paitly to add vegetable matter 
othei than sugar 'Die result W'as soinewlirit astonishing. Tlic mixtiue 
of soda-watei, sugar, and lemon passed into Molcnt lei mentation in 
three days, and cailion dioxide came off abundantly, under a pie'^Mirc 
of about 1J inches of niercuiy, and eoiitiiined to do for many days. 

Such a Hask started on Apnl 9, 1897, was cvol\ing gas aetnoly on 
the 12th, this went on without any apparent diminutiou until May 2t, 
and even on June gas wnis still coming off, though now undei less 
pressure No sugar had been added in the inter\al, and the flask, 
still unopened, remaine(l on a side liench m the labotatory untd 
Jaiiuaiy 18, 1898 On that date it was opened and examined. It 
still stood at a piessnre G inches of mercury, and ga^e uG' gas as 
soon lOS the pressme was lechuod. The nuctosiopK exumnuitiou 
show 4^1 that heie, again, as in the beer wort, the medium had favoured 
one of the ye.irsts, and although the baetenum w^as discoverable, it was in 
abeyance, and the compound organism as a wliolo was not increasing 

In another smiilai caHO the flask was staitod on May J8, 1897, and 
the pressure of the gas o\olved was still supporting nearly 12 inches ot 
mercury on Apnl 23, 1898, and again only yeast predominated in the 
deposit, and examination showed this to lie fully alne, it at once 
renewed its activity when placed in sugar solutions. 

These preliminary expeiimcnts will suffice to show" that wo have iu 
this compound of associated organisms an agent or agents capable of 
betting up very actn’c fermentation in various sacchanne hquicls, such 
as ordinary sugar and water, or wxla-water, liecr wort, milk, and sugai, 
or an infusion of vogeUlile substance, such as lemon pulp, and it is 
clear that the fermentation, though differing in details in each case, 
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ulways results in the dostructiou of the sugar, aad the prorluctiou of 
enormous qmmtitiea of earboiulioxule. Olmously, also, these formoii- 
t.itions aio tirmerolnc. 

In oixier to put this last point beyond nil cavil, however, we placed 
.1 flump of the compound oiganism into a mixture of a 10 per cent, 
sttlution of augai to whuh 10 pel cent, gelatine had been added, and 
kept the tnl>es at C., while the air was pumped out from the Huid 
m«iss and pure carbon ilioxido allowed to filter in, and this process was 
lopoatod four or five times, and the dc-ovygenated gelatine, still in an 
atinosphoro of (arhoii dioxide, was then allowed to sot In a foi-tnight 
the solid gelatine in till these tubes had visililo siihmeiged colonies 
throughout the mans, aiul examination showed these to consist of the 
bactenum and yeast found in the onginal clumps. 

Similarly, streak cultures on the same sugar-gelatine medium, grew 
Mormall})' on the slope<l surface in tubes filled with carlion dioxide, and 
lu these again were observed the same luicteiiiim and the same yeast as 
had lieon found predominating in the ongiiud clumps 

These cultures—still preliminary in natuio and only dealing with 
the composite organisms of the clumps as a whole—suggested nn 
olmous method for separatnig at least this prominent bactenum and 
yeiiat from the clumps. 

Sugar-golatino, maile as before, was infected with a small piece of a 
clump, rubbed up by a platinum loop in sterile water, and plates made 
in the ordinary way in Petri dishes, the dishes wore then phaced under 
a reccivei, attached to the pump and oxhfiiisted, and then filled with 
f, arbon dioxide, with propiw precautions as to the purity of the gas, 
filtration through cotton-wool plugs, and the cultures put aside in 
ail atmosphere of carbon dioxide at the onlmary temperature. In a 
week the solid gelatine showed two kinds of colonies, one consisting 
entirely of a yeast, the other of a bactenum, and closer investigation 
showed them to 1x3 identical with the prevailing yeast and iMicteriuni 
in the oi-iginal clumps. 

Repeated plate-cultures made in this way gave consistently the same 
results, and there was no room for doubt that these are the two essential 
organisms of the cluni^is, though they are not the only species found 
in the original material, there being at least one other yoast-like 
orgauiflm, so common that for some time it was thought it must play 
an essential part. Since this latter—and certain much rarer forms 
occasionally found—will not grow in the atmosphere of carlxiu dioxide, 
however, there can l>e little doubt that the two anaerobic microbes 
isolated by the above process are the essential constituents in the 
fermentatiouB referred to. 

Their further separation by moans of repeated plato-culturos, as 
above, was comparatively easy, the yeast especially being readily 
picked out and further cultivated in sugar-gelatine tubes. 
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As it IS not at present proposed to deal with the yeast, which ap- 
j>cars to he a mere variety of S wo pass on to the cultures of 

the bacterium only. 

On repeating the plate cultures exactly as before, except the exhaus¬ 
tion hikI filling with carbon dioxide, it was found that mixtures of the 
jeast and bacillus grew as well lu an as in carbon dioxide. At first it 
seemed possible that this was because the yeast rapidly consumed the 
oxygen and so prepai ed an oxygen-fi oe atmosphere for the Iwicterinni, 
but further oxpennients proved that this is not necessary, and that 
both yeast ami bacteiium can bo grown in fur as well as in carbon 
dioxKlo or in hydrogen. 

The appearance of the separated bactonnm on the sugar-gelatino 
plfites IS that of circular, laised, dome-shaped, watery-looking colonies, 
still, like a film jelly, and lifting as a w'holo on the needle Each 
colony IS, in fact, a firm zooglma composed of short rodlets in pairs or 
chains, the cell-walls of which are so swollen as to furnish the zooglma 
jelly The average size of these rodlets is 12—3 g long by 1 fi thick, 
though much longer rods and fUamenta occur in other media 

Having once obtained the organism in pure culture, it was, of 
course, easy to test its behavioui on various media. It is unnecessary 
to enumerate all the media tried, or to give det^iils of the cultures, 
which amount to sevcial hundreils, enough that all oidinary incdm 
emiiloycd by bacteriologists w'oro tried, as well Jis a long series of 
special ones devised to meet the suggestions which arose duiing the 
com se of the investigation. 

A striking fact comes out on surveying these cultures, namely, tins 
*Schizom>ceto practically lefuses to grow in or on any pabulum devoid 
of sugar, and, further, only certain sugars are capiiblo of supplying it 
wuth its necessary food. No growth at any temperature could Ijo 
obtained in normal gelatine-poptono media, or in broth, milk, or other 
animal extracts, scium-agar, such as is used by the animal 

pathologists. 


(tfhhae CnUiiivs. 

Gelatine, 10 per cent, added to “black sugar” solution* 15 per 
cent 18 a capital medium for cultures at 18° C , or thereabouts, and in 
air, in hydrogen, or in carbon dioxide, the Iwcterium formed prominent 
domed colonics looking like drops of stiff gum or gelatine. 

This black-sugar gelatine was also used for cultures in rcfcno. Plates 
kept under a receiver permanently attfichod to the pump, going day 
and night continuously for a week, showed traces of colonies in eight 
days, and in fourteen days the colonies in the exhausted receiver were 


* Tbis “ block ftiigar" is a vorj dark coarse Demerara sugar and probably contains 
considerable quantities of mineral and otlier matter. 
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iis well flevelopetl those in control plates in air at the same (low) 
temperature. 

Streak cultures on Llack-bugar gelatine with yeast oxtiact duvelopo<l 
\cry rapidly at and near 18' C. 1nsbe.id (»f a spreading slimy mahs 
as on agar, these formed dense gelatinous, almost hrittlc, teardike 
drops and streaks standing a nnlhmctrc or more high, «iiid curling up 
(jft the siuiace of the gelatine in a 010*^1 remarkable and characteristic 
manner. 

On saccharonal-yc.ist-extiact-gelatinc similar laised streaks \veie 
olttained, but less luxniiant than on brtmn sugar, possibly bcc.iuse 
ihe teraporatiire Mas lower, or only 10 j)Ci cent, sacchaiose wms em¬ 
ployed, or from lack of minerals 

Heer-wort gelatine gave \ciy slight mdicutions of growth, soon 
stopping, and never attaining anything like these dimensions, the mere 
traces observed being probably due to sacthaiosc in the woit. 

Certain mineral bolntiuns —e //., Klel/.s ,solution—appearcil to inhibit 
the growth in the black sugar and gelatine 

Wc ha^o here gatheied together the pnncijml facta of its bebavioui 
on golfitine medni, Inicauac they seem to bnng out clearly that the 
gelatine itself has little or no part to play in the iiounshmont ot the 
bacillus: mere traces of supeificial Inpicfaction occur, and seveial 
experiments show that it is of no slight importance wluit is cwbled to 
the gelatine, c y , the surprising icsnlts of becr-woit gelatine 


- lifiH, 

Agar (2 per cent ) mailc up with black sugar and yciist water rapidly 
loimed latgo slimy blister-like colonics in four dnya, both at 25’’ C. and 
at 19"* C The contrast between these large, slimy, flat, and extended 
colonies and the small, laised, dome-like, stiff ones, on gelatine was very 
marked. 

Streak cultures on black sugar agar, with yeast extract, grew rapidly 
as a dull, honey-like slime, spreading all over the surface m two days 
at 16—18** and at 23—25' C, as well as at 3G—37^ C. 

Agar mwle up wnth peptone, Ac , was of no use w'^hatever, nor w.is 
potato-agar. Even peptone-agar with black sugar proved unsuitable. 

Similarly unsuitablo Wius agar nuulo up with yeast extract and sac¬ 
charose, which had been filtered through porcelain, though a pale 
dotto<l streak formed at first at 25, 27, and 3V C, 

Agar (2 per cent) made up with 10 per cent, saccharose and yeast 
extract not filtered through porcelain, on the other hand, was :in 
excellent medium. In twenty-four hours at 30—31" C., a i-apidly 
growing slimy streak had formed, consisting of filaments up to GO /a 
long and more, breaking up into segments of all lengths down to 1 5 /x 
by 1 /X. These showed no .‘^heaths—they had turned slimy—stained 
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well in gcntwn violet l»y mctluMl, and \m*u' noii-motilc. At 

23 .iiul 20' C the growth was muuIhi hut slowet 

W^'ort-agar, however, was lui-iUitahlo, cultures paiallol a\ itli the ahove, 
shr)\ung A cry slight giowths at any teinpeiatuie ; icsults 4111 tc conforni- 
altle AVith previous evponcn(.f 

Hero, again, wo must eoTicindc that the agai i.s of lutie 01 no inipoit- 
ain e, except as a Riipp(»rt The sigiuficaiiLe of the failure on agar, to 
\s hi( h poicelain-hlteied yeast extiait and sacchaioso was added, a])|)cars 
>ignificant, and we shall ictum to this in order Xu (livtuss what hapiiens 
to the yctifit extract and sug.ti when this nuale t»t st(‘iihsation alone is 
relied on 

/;./'/ II 

lit lieer woit (nnhopped) the hatleimm giows laii!\ well at hist, 
lapid liubulity followung the infection, and a dn tv \clIowish deposit 
simii falls, consisting <if the hmdilcut Itactoii.d lnas^es cain ing dow ii 
(oloiu'ing matter, hut the liquid i^i not a 1 stous, and the dejaisit ‘scarcely 
shiny, and growth soon ceases 

Wlien we udlect that heei w'oit -//,ni;dL cAti.at -is usually an 
cxcellcTit Tucilnim for the growth of fungi, it is somewliat siiipnsing 
that this sugar-loving hacteniiiu shoulil do so hadly in it Thinking 
til,it the failmc might ho owing to the kind of sugai in l>eei AAort heing 
unsuitahlo, w'e tried adding saich.uobe, hut no olnious unpioienionb 
was eflbetcd AVe haie seen (p, GD, iihoi^e) that lajor iroit and gelatine 
gaAO poor lesults, and we coniliided provisionally that sonic untaiom- 
ahlc suhstanco occnis in woit 

Stmek hy the success of the prehimiiaiy tii.iK wjtli cane sugar, and 
icniemlieiing the alleged original hahitai of the oiganism, it was deter- 
luincfl to try the elfoct of heot ' this avhs clone not only hocause beet 
Is a well-known source of cane sugar, hut also lieeause one of us hail 
piCMously observed in a ceitain licet disease, that a Ijacteriuni xory 
similar to the one under investigation vSpreails in the tiswues of the 
siigai'heet, and is corinocted in some way with the disease itself. 


lit ft K»ftmt 

Cold w'Htor extract of crushed sugar-lioet wius found at an eatly stage 
i*i the work to bo a favourable medium In tulioh at 26“ C., culturoa 
111 carbon dioxide rapidly become turbid, an<l on tlio thii’d day, a dense 
slimy zooglnea-like deposit had fallen to the bottom carrying vnth it the 
(olouring matters, and contiunirig emlieddod bacteria. The same at 
16“ C. in carbon dioxide, the growth being simply somew^hat slow^or 
Parallel cultures—from the same tul>es—in broth, gelatine, or agar, 
devoid of sugars, showed no growth either in air or in carbon dioxide, 
at 15^ or at 26“ C. 
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Tubes of raw beetroot, infected uith the gelatuious lucteiial (lumps, 
showed evident sinking into the tissue's in twenty four to forU -eight 
hours ijt 18”, 25”, and .‘11”, and in six da}s the doproHS(‘d area sliowed 
collapsed and biowiied cells under the nii(ros(;ope A curious white 
zone siuTOundod the diKcoloured [wtehes The impression gamed was 
that the bacterium draws out the sugary sap and thines on it no 
proof of direct entry into the cell wrills could lie obtained * 

Cooked, i (', sterilised, beet gav*' a meie wet jiatch at first, but m a 
w'cek raised gelatinous lumps of the typic.il kind wtfo formed 

Hero, then, we appeared to have pi oof that it is really the cane sugar 
which decides the siiceess oi otherwise of the cultures of this gelatinous 
bacterium, and wo entered on what proved to he a \erv long soiios of 
tnals with vaiious kinds of .sugais to decide this 


Tunis (tiHt Stft/ms 

A series of pielimiiiaiy expcninents in which cane-sugar, glucose, 
and milk-sugar wcie emploved, made up in v'aiious w^ays, soon show^ed 
that this Imctenum grows fai better in cane-sugar than in the others, 
aiicl liotter in solutions made up withyeast-water than in such containing 
muierul salts, as|jaragiii, taitrates, tV'c 

therefore, made senes of p*iiullel cultures atvjuious tem|)era- 
tures, m air and ui carbon dioxide, and till infected from the same tube, 
using the following sugais .ind solutions —Levulose, pure glucose, 
cane-sugar, wcharon, Lictose, maltose, dextrin, and a body known in 
(hubler’s catalogue as “ dextnn-zucker-loaiiug ” The sugars w’eie all 
made up in 10 per cent solutions, and dehiiito (juantities-- ctpial in 
each case—of the othei ingicdieiits added. 

►Summing up the I'esults of numeroius experiments, it was found that 
no growth oceaned in any medium at temperatures of .'i5” C. and 
upw^arcls, except m the case of ceitam agar oultiuos, where rapid 
growth occurred at and neai ‘17 C\ foi a few days only. 


/ V( tu'Stif/tfi, 

The most striking results weie oht/iined in all cases with cane-sugai, 
especially in a v^ery pure re-crystallised form labelled “ Saccharon,” 
though v*'o also employed ordinary lump-sugar, and a coarse dark browui 
moist sugar known locally as “ Black sugar.” 

Made up as Afayer's solution, the brown sugar rapidly became tin bid 
and viscous, and a dense gelatinous deposit of bactona formed below 

• Attempts at lufectiuu were made m view of the alleged (K)niicclion between 
biietem and cortam diseases of beet and sugor-oano. See, for iu*itanee, *Kow 
Bulletin,’ Ko, 85, Januaiy, 1894, p. 1, and ’Zeitsekr. f. Fdanzenkrankh 1897, 
No. 7, p- C5. 
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the suiface. This occurred even in tubes to which a few drops of abso¬ 
lute alcohol were added—a result not obtainable with dextnn-Mayer. 

Far better growth iiasgot with cane-sugar and yeast-extract how¬ 
ever. • 

The best growth \ras got with siiccharon (10 per cent.) and yeast 
extract, where at all temper atiues from 16—27*5*' to 3F C,, the liquid 
beCfimo opfilcscont and mscous m two or throe d,iys, and deposited the 
ty})ieal gelatinous zoogbi^a at the bottom of the tubes. 

The lesults so far show tliat only the v.irious forms of sacchaiose 
.UKI beet extract (containing this .sugar) afford any pronounced growth 
of this liHCterium, the best results being got with pure saccharon and 
yeast extract, as indicated by the rapid turbidity and \iscosiiy .ind the 
clump of gelatinous deposit. >Sincc other sugars seem ijuito unsuit¬ 
able, or oidy induced slight growths cxpiessod as tempoiaiy turbidity 
and flocculent deptsits, it may probably be assumed that in “dextrin- 
mucker”* and in “gbuose” solutions, where indication of the viscosity 
.uid gelatinous deposit occni, tr.nces of s<iccharo8c were tontained. 

Pure glucose and yeast-water encouiaged an excellent growth at 
fiiat, the liquid liccomiug tuibid and a /loeculont deposit settling down 
Hi a few- days. No signs of viscosity apiiCfirod, however, and the 
deposit was quite loose and easily shaken up The fairly abundant 
flocculent giowth at first led to the expectation that prolonged cul¬ 
tures, or cultivation at different temperatures, might result in the 
development of the typical sliminoss and \i8COsity, but repeated 
attempts show that such is not the case. This sugar tbd not appear to 
iiijuic the bacterium, for the deposit was alive after throe weeks. 

Nor would it grow on or in gelatine made up with glucose. The 
slight growth obtained in certain cases where commcrcml glucose was 
used nuiy have been due to admixtures. The total residts show that 
glucose is not a favourable medium. 

Lendost* 

Solutions of levidoso prepared as the other solutions became shghtly 
turbid in three or four days, and then the bacteria deposited as a veiy 
thin layer, no trace of slime or gelatinous matiix Iwing formed, and 
the impression resulted that either traces of some other sugar must 
have sufficed for what activity was evincetl in ordinary glucose solu¬ 
tions, because no gi'owth worth mentioning compared with the pre¬ 
ceding had occuried, or Icvuloso is to a slight extent a food for the 
organism. 

* This proved to be true of this medium ; it consists of dcztnn and cane sugar 
with a little alcohol. 
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Similar tubes placed in a viicuuni also showed no growUi beyond tho 
formation of the flocculent deposit, hardly slimy, and easily shaken 
up into tho clear supernatant liquid—a point of eonstiast of some 
importfuico, for in successful cultures in cane-sugai the M3(osity of the 
li(|uid al)ovo is so gicat that it is ^ory diflitnlt to shako up the deposit, 
which is also dense and gelatinous. 

Jtepetitioiis of these cultures gave the same results- a rapid develop¬ 
ment of a very slight turludity and foimation of a small non-gelatm- 
■ ous deposit which falls and lca\es the liquid clear. 

Some attempts weie made to see if varying the strengths and 
compoBition of the lewiloso solutiouB would atiect tho matter 
Wayer^s solution made with lexmlose gave little or no signs of growth 
at all with the bactcnuni, thougli it proved a splendid medium for the 
yeiibt. 

Curiously enough, a mixture of licet cxtiatt and this levulosc- 
Mayer’s solution, though it encouragcrl <daindant grovvth of the 
Imcillus, rapidly becomuig turbid and then dealing as the deposit 
fell, showed no viscosity nor wris the deposit slimy, as occurs in beet 
extract alone. 

hven made up with yeast-extract, no v’lscosity could bo obtained 
nothing beyond tho slight flocculence, find it was tleai that levulose is 
at l)cat a poor food inatenal for this lucillus. 


Murd 

Proceeding from tho observation that the Kuteimm undoubtedly 
inverts saccharufeo, culturoa were made as follows - l)extrose-yeast- 
extract and lev 111 ose-y east-ex tract were mixed, and infected with the 
Iwcterium: an excellent growth of the organism lesulted, at lioth 
32" and 24" C., but tho deposit which lesulted, cunsibted entirely of 
the iion-sheathed bacterium m flocculent masses, and it remains .i 
puzzle why the sheaths are formed in saccharose mid not in the 
two Bugais resulting from its inveision The only conclusion seem*? 
to bo that proportion of constituents has something to do with the 
matter. 

“ in-Ziukfi 

Under tho above name, Grublcr supplies a syrupy sugar in which 
tho microscope shows delicate needle crysUils, and—merely in the 
spirit of trying all experiments—this was tried with tho following 
results:— 

Made up with yeast water as a 10 per cent, or 15 per cent solution, 
tho hactonura slowly formed a large slimy deposit in from five to ten 
or tw'elyo days at 15" and 23", but not at 35", in which rods and chains 
existed in the colourless matrix. The rods moasurotl 1*5/* x 1/a to 3/a x 1/a, 
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Imt filaments up to 20 /i l(»n^ A^cre found. The growth resulted in a 
cunoiiH opalescent change in the licpiidalxivo the whitish dense deposit, 
and It l>ec<ime markedly viscous so as to draw out into strings 

Made up in flayers solution also, the same \iscidity and gelatinous 
gi’ovth occuured, and this both in lui and in hydrogen. Wo ha\o since 
leal lit that this syrup consists ot dextrin, cane-sugar, ami a little alcohol 


Ih ttmt 

The (hflidilt^ as to the iiatme of “ Doxti in-/ii( kci " icfeired to 
alnoe, led us to liy dextrin itself, and owing to the kindness of Di. 
Kiihremann some Aciy puic matonal was to hand AVith Maycr^s 
solution sevoial experiments demonstratecl that no oUmous growth 
IKclined, and it nas clear that this doxtiin is not the banio for 
imtntivo purposes as the “ Dextrin Ziuker ” used previously. 

Nor WHS dextrin made up with yeast-water of any use, though 
ofcasionally a cry slight indications of growth occnried during the 
tust twouty-four houis, but no Aiscosity oi sheathed hactena formed 


Owing to the kindnoss of 31r Ling, we wore furnishe*I am th some 
pieparod nudto-dcxtrm, but neither as Mayer^s solution, nor made up 
A\ Ith yeast extract, amis this sugar of any use as a medium foi the 
groAvth of this bacteimm 


This sug.ii, made up as Mayei*s solution, was found unsuitcd for the 
bacterium, either at high oi low temperatures Nor was it more suc¬ 
cessful made up am th yeast extract, a faint turbidity and floccideuce 
occurred, but no trace of Aiscosity at 25" occurred in four da 3 s. 


Milk-Sthjai, 

]\Jilk-8Ugai, Aihethei made up Avith yeast-water, Mayor solution, 
as[)aiagm, or peptone, prove<l tpiito useless as a food for the liacteruim * 
no signs of giowth up]H’aicd in the solutions at all, at high or low tem- 
jioratiires, m air, or in carlioii dioxide. The organism was dormant 
only, howeA er. 

ISoluhlf Sfturh, 

It seemed Avorth Aihile, in mow of the gelatinous nature of vigoi*ous 
growths, to 800 hoAv the bactenum would behuA^e towards soluble 
starch, but in no case could any OAridonco of groAAiih bo obtained in 
solutions containing 2 percent, of soluble starch made up AVith Mayei’s 
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holutioji, or \uth yoHSt-water. The baulena lay tlormani only at tho 
Ijottoni, as oxponniciits bhowe<l. 

It is cvidtMit from the foregoing th<it of all the bugai^ tried, saceh.i- 
robC is the one which favours the growth of the liacteimni, hut oven in 
saccharon the growth is distinctly favouretl hy the iwiditioii of yeist 
extract. Some experiments uero consei(ucntly sUited to test the 
ettect of the yeast extract 


IfitW ] 

Fresh yeast, squeezed and drained, and then ground up with kieseh 
guhr and extracted with water, was allowed to stand all night and 
hltorod through poreclain Employed alone it uas of no use as a 
medium for the gioutli ot the haeteiium , nor would the latter develo}* 
Ill this r*aw yeast-watei, t(j which a pei < ent of cano-siigai was added. 
The lattei fact was thought to lie possibly due to the raw yctist-water 
having inverted the wicrharose, and we have scon that glucose and 
levuloae are not siutalrlc media, and wc explained sinnlatly the failure 
i>f faivccharon-Maker’s solutum, tii whuh this law ycaat-watci A\as 
added, tW well ns fuihues with hiowu sugai, and with beet extract 
simihaiiy m;ule up That failure should follow with dextrin, with 
maltose, wth levulose, nnlk-sugai, and with beei wwjrt similarly imulo 
up, w^as only to bo expected fioin experience with these media con¬ 
cocted w itli boiled yeast-water 

Further oxpenments, how'ever, led to the conviction that matters 
w'cre more complicated than w’ould be implied hy this explanation 

At one stage in the iiuestigation, being impressed by the atimulua 
to growth aflorclcrI by the addition of (boded) yeast-water Co the saechn- 
rohC aolutioiiB, w'c tr ied the ellect of adding sugai to the raw yeast 
extract and stci lb sing by filtration thumgh porcelain only, and were 
surprised to find tli.it no growth w^hatevur occuriod at any temperatuie, 
18", 23and 30'C This was after waids explained as above-- 
iho yeast extract inverts the sugar liefoie it has time to filter 

AVo then tired a senes of experiments as follows —Cultures at 
17—20’, 23\ and 3r'C,‘Avore made in 10 per cent, sacelmrou + 
10 per cent ye.ist-water mixed law au<l sterilised by filtration only; 
no traces of giowth occurred in 10 ilays. The same failure wa.s 
realised with 10 per cent saecharoii alone sterilised by filtration only ; 
wuth yeast extract only slenhsed by filtration only; and with yeast 
extract sterilised by filtiation and then Innled before adding to the 
filtered sterile 10 per cent, saccharon solution In no case <liil any sign 
of growth occur. 

It is therefore clear that the filter either holds Iiack some Ixxly 
necessary fot the nutrition of the bacterium, or destroys it in its [lassage 
through the pores. Also that raw yeast extract in some way spoils tho 
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sugar (saccharose) aa a food material, probably by inverting it And' 
novortholess the barteiium Houmhoa in conjunction with the living 
yeast in saccharose aohitions Hero is a puzzle w hioli wo have not 
succeeded in oxpLdning 

It may bo merely noted that numerous trials were made iii other 
media than those mentioned, among which glycerine ami yeast extract, 
alcohol vith s^icchaion an<l yoast extract, starch treated with diastase, 
also potato, c.urot, and milk aie the most important. No growth of 
bignilicance was olit,lined in any case, and the lesults may bo neg- 
Ie( tod 

The Adtlihf of fhr 

♦Several tests flhowc<l that the cultures of the b.ictennm are acid, 
and the following expeimicnts were made Stonhscsl bhjcks of niaiblo 
were placed in the culture tubes before tboy wcie steamed, and thou 
the infections made* us liofore. In saccharose 3 ’Oast evtrfiet, the actuo 
growth which resulted was accompanieii by a more < lift vised vist*v4ity 
than bofoie, and gas laibblos (COj) ascended for days Tubes of mixed 
dextrose and levuloso with yeast extract, treated exactly siinilarly, 
iHJcaino turliid, and gave oft'bubbles, but no trace ot viscosity resulted , 
the almndant ftocculent ilcposit consisted entirely of the uon-sheathed 
form of the iKictenum 

As will appear later, the acid winch causes this lilieration of COj I'i 
mainly acetic acid 

On flif' of the Orlatinon^ ui Shote. 

A number of oxiKiiments were nuwle to detcimine the nature of tho 
x ibcoua slime and the jelly-hke matrix holding the bactona. Although 
reasons have already In'en given for conclmling that this is really 
nothing moio than the swollen cell-walls or sheaths inv’esting tho 
bacteria, the possibility of tho oimlosccnce and viscosity of the saccha¬ 
rose nio<ha 1)61 ng duo to the direct action on the sugar of some enzyme 
or other laxly excreted by tho organism requires investigation, foi it is 
conceivable that such slimes might arise lu any of three w'u^s 

(1) As products of metaliohsm from the interior of the cells, such as 
cortamly occui m the glands of higher plants, e q , tho mucilage hail’s 
of ferns 

(2) As products of tho action outside tho cells of some enzyme-Iiko 
l)ody wduch esciqies fiom the organism and acts directly on tho sugai.t 

(3) As jiroducts of conversion of tho cell-walls of the organism, 
those swelling up and becoming diflluent as in the case of the ginger- 
iHjer plant J 

• See Oariliiior and Tto, * AiiubIk of Bolau> toI 1, p. 27. 

t See Ritserl, ‘ Cent. f. Bakttol. 11, p. 830. 

J ‘ Phil Trail** ,* B, 1892, /or ri/. 
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It scomcfl I'nipossiMo to test the first huggcfstion on siuh minute cclls^ 
but attempts weie ni.ulo to test the second one by the folloiiing 
cxj^Timeut - 

The l>*utoiluni was j^rowii m saocharoso yeast extract msulc a poice- 
lain Hltei plunged \uto the same solntiou ^ the gebitmous matnx was 
formed in «il>und.iucu the filtei, l»ut none was developed outside 

although the Inpuds communicated fieely through the pores ol the 
filter Of foni*nO the lepU may l>e made that an en/vnio of this 
nature may l»e nnablo to ti.ixcrse tlie line pole's, and the ([Uestioii 
must 1 k 3 icgarded as still optm 

These gelatinous sheath'* oi “ fap»nlcs’\iie now known in many 
Scluzomycetos, among the best examples lieing that of B nnmijoi 
au<l and it is no^^ pietty generally agreed that those 

sheaths are composed of di‘\tian,| <ind Liesoidierg and Zopf^ made a 
(unous ohseriation Milh reteiencc to its iormatit>n , they found that 
tin* addition of calcium cldonde fa\oured the development of the 
sheath 


Zopf’s papei suggest(‘d that \ie shouhl test the effect of CaCl^, and 
aeri^rdingly solutions of Liebigs exti.ict, peptone-saecharon, and C<iClj 
we 10 tiled 

In the slightly alkaline Inpud at *12" a mere shimmeting turbiihty 
was olisorved in twenty-foui hours, ,ind in four days a dense gelatinous 
clot formed below the tiubnl inpii<l 

At 23‘ the alkaline Injuid showed Hiiiidar turbidity on the seeond 
day, and had formed \cry little gelatinous deposit in foui days. In a 
M'eek, however, it resomhied that at 32' C 

The same solution slightly acidulated with a drop of HCl was 
slightly more tuilnd in tivonty-foui hours, Imt \ery little of the jelly 
formeil even in a week 

At the end of the week both set of tuhes were distinctly acid, and 
evidently the foimation ot the jelly is favoured hy the slight alkalinity 
of CaCl.. 

This seemed to strengthen the supposition that our baetenum may 
be the same as Tan 'ficghem’s but a close compaiisoii docs 

not bear out this view' 

It is neveithclcss inteiCNting to ol)scr\e that Aei/re/Woe invcUs 
sarcharose, and only foims sheaths in piosenee of tliat sugar or of 
grape-sugar, that these sheaths ale explained as the swollen cell walls, 
and many other fentuves exist in common wutli our form 

• Marshall Waid, ‘ Phil. Trim** / B, 180.^, (nc. at 
t Van licghein, * Aim. ih'f* Sci. Nut./ fith Herion, Bof,, to! 4, 1878. 

{ ScIiPibler, ‘ Vervinzeitsch, t Kuben/iu-ker Ind./ (1871), p. 24 
5 ‘ Btitr, r Pb^K ii. Moiph. nicdirer OrpinMineii/ Iloft 1, 1892, p I 
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The diftevt'nccfc may ho miportunt in ^.ln<)us dcgrcos. Leuroiuistfir 
-ippears smaller and shoiter, and withstands high temperatures; it 
succeeds wtII hi grape-sugar, its ehaiatters on gelatine media appeal 
I/O he different, it c.in ho mltnated in milk, and it lornis lactic acid 
in sugar solutions. 

How fai the tlitterences can Iwj insisted upon cannot he determined 
until both oiganiMus ha\e been tested side by side. 

There h one further observation to be made in Kuppoit of our con¬ 
tention that the viscosity depends on the deliquescenee of the Bwollen 
ccll-wfills On agar media, which evude water, the growths arc slimv 
rather than gehitinous, and the longei the gelatine (‘ultnros are kept, 
proMded they are nut allow'ed to evaporate, the more diffluent tin* 
gelatinous lumps become In Injuid cultuies, moreover, the gelatinous 
clot does not .spreful evenly thioiigh the liquid, but icmains around 
the motionless organism. 


M tiff I CttltiHf.s. 

Seveial attempts weie made to obt.iin the typical clumps of the 
vomjiound otganism by nifeetmg tubes of veast extract and sueeharou 
and other media with lioth the baeteiium and the yeast separ.itely 

< iiltivated pure, 'i’he success was only pfirtnil, however, though it W/i-i 
not difficult to obtain a viscous clot at the bottom of the tnl>e8 in 
which both Kicteiia .ind viMst were eniliedded, the typical stiff jelly 

< lumps (loutnig ni the iKpiid woie not foimed, and here again wo 
must conclude that some deiinite jiroportion of Cfirh is necessary. 


(ht ih(‘ (lifuiKal i'hauqvs mtuli'uf to Ho' Ft'toiditoitom, 

I'ho jelly like masses <if w hich the oi ganism consisted set up very 
vigorous fermentation in beer w^ort and in solutions of vaiious sugar-. 
Careful cultures show^ed, as already stated, that the jolly was composed 
es'^entifilly of a barteiium associated with a yeast, and a long series of 
onr oxpi'riments h«is been directed towards uscerUining what pait 
each played in the fcrmenution, and how far they UBsisted or impeded 
<‘.ieh other. 

In the greater numlier of these experiments live flasks wore used, 
e.ich of fibont 250 c.c capacity. 150 c c of the culture fluid were 
placed in each, and four of them were sow'ii with piu'e cultures • (a) of 
the ycHfit iilone , (j3) of the bacterium alone , (7) of the yeast and the 
bacterium separately, (t^) of the two in their ordinary condition of 
iisaociatiou, forming a lump of the jelly. The fourth flask coutaineil 
only the culture-fluid with no organism ot cither kind. 

The culture-fluids were usually a 10 per cent, solution of some par¬ 
ticular sugar to which 10 per cent, of its volume of yeast-water had 
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l)oen arlfied to fiirniHh tlio iiccesisary combined nit logon for the growth 
of the orguniHra. The yo<i8t-water was prepared by boiling yeast in 
water for several miimtos, and then filtonng and steidising In ono 
experiment an ordinary boor w'ort was asod without a<ldition of more 
nitrogenous mattei. 

The liquids wore carefully and ropoatedly steiibsed m the flahks 
before the organisms wtu'o added 

The fermentations avoio conducted at a temjjAnalnrc of about 20' C. 
The marke<l feature of the fermentation set up liy the conjoint organ 
ism was the production of a coiiMdorable iiciditv, the Inpud after a 
few days having the appearance and llavoni of lemonade The acidity 
proved to be due to acetic and succinic at ids 


As considerable ditfei cnees of behaviom 

were 

soon manifested, 

subjoin the results of typical fermentations 



Succinic 

4U’ohoI 

and 

and 

Per cont 

P<'r rent 

Per cont 

I. Boor wort, 150 c c ~ 




The yeast pioducotl 

:15 

0'0124 

0 06H 

The Imctenum piotlmcd 

0 

0 17.‘U 

0,3 

II Cane sugar, 150 cc of 10 poi cent 




solution containing 15 c c yeast 




water *— 




Veast pioduccd 

5 0 

0 01 

0 057 

Bacterium produced 

Veast + bacterium (in the form 

0 

0 7 

0 57 

of the conjoint organism) jiro- 
diiced 

5 0 

0*0 IH 

0 07S 

III. Ilaik brown sugar (niixtuio of cane 




sugar and levulose), pioportions as 
in II ^ 




Yeiust produced 

175 

0 026 

0 137 

Bacterium produced 

Yeast -f- Iwtcterium sejiarately 

0 

0 59G 

0*410 

sown produco<l 

40 

0 124 

0*1 

Conjoint organism proilucecl 

.T7 

0 :m 

0*108 

IV. Grape sugar, propoi tioua as in 11 — 




Yeast produced 

'2 2 

0*013 

0 04i) 

Bacterium produced . 

0 

0 012 

0 018 

Yeast H- liactcriiim produceil 

2-0 

0 02 

0 007 

Conjoint organism produceil 

2 0 

0 15 

0 010 


The formation of the alcohol was thus shown to l>o due exclusively 
to the yeast, and in its protluction the influence of the bacterium was 
VOL. LXV. 
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not manifested. The yeast was fmind to he capable of fermenting 
both ghicoso and fnietose (lovnioae), but to l>e more active in the pre¬ 
sence than the absenco of the latter Only half the amount of alcohol 
was formed when the frnctoBc was excluded The Litter sugar was 
more favounil>le also to the acid fermentation by the yeast. If we 
compare Experiments IT and III, we find that while the same quantity 
of alcohol was formed in both cases, the proportion of both acetic and 
siiccimc acids was about doubled iii the prohcncc of fruct-ose 

The bactoiium, however, wa's lesponsible for the greater amount of 
the acid formation While it caused the production of both acetic and 
succinic acids m greater propmtiou than the yeast, it yieklcfl far more 
relatively of the former. In the experiment with beer wort it pnxluced 
fifteen times as much acetic acid as the yeast, it only gave nsetofour 
to five times as much feucciuie. With cane-sugar solution it formed 
seventy times as much acetic and ten times as much succinic acid lis 
the yeast The same le^ult wuh ohtuinod with ciiuc-bugar and 
fructose 

With grnpe-sugar the bactenum, like the yeast, could do liut little. 
It produced about the same *imourit of acetic acid, but scarcely more 
than one-thud as much succinic. 

The expenmeuts on the feimeiiUtious conlinn the view expieased in 
tlie early jiortion of the pajier, that cane-sugar is the niobt favourable 
meiliuin for the hactcriiini, but behno it is of use to it, it undeigoos 
iriv ersioii 

The association of the two organisms together intiodueed a some¬ 
what cuinms fcatiuo of the feimentation The ye.xst continued to 
produce alcohol lu the same proportion tis when alone, but the acul 
ferniciitations were modified considerably Comparative cxpeiiments 
were made with cane-sugar, dark brown sugar containing fructose, and 
grape-sugar In the first two cases the amount of both acetic and 
BUccHUc acids piodutcd by the conjoint oiganibtii was distinctly less 
thiin that which was fonTied by the bacterium alone. In the giape- 
sugar fermeiitiition the contiary wms the case 

The association of the tw^o organihuis into the jelly-like clumps was 
not w'lthout Its effect upon the progress of the fermentation, and this 
effect again appcaretl in coiinoctiou with the process of the acuhficHtiou. 

With the dark brown sugar the conjoint organism produced twice as 
much acetic acid as tlie two sejurate constituents working together, but 
only one and a half times as much succinic. With grape-sugar there 
WIU3 a diminution of the succinic acid, which fell to one-half the 
quantity pnxluced by the yeast and the bacterium, while not in such 
close association. The acetic acul, on the other hand, increased. In the 
first two cases again, the prosorico of the yeivst was voiy considerably 
inhibitory of the activity of the bactenum, the latter producing far 
more acid of both kinds when it was alone in the fermenting liquid. 
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One or two fiMtiirch of the feinieiitiitions call for rommoiit. The 
progress of the fermentutiori in an ficnl Inpiul was ho gie.it as to sinr- 
gest that an en/yniu exeretiMl l>v the org.iinsni, hnt caiefnl 

search proved thrit this was not the ease Botli the conjoint oi nan¬ 
ism and its two conslitiients am normally .'UMohie, hut in all (,ims the 
feimentations will profoed, though with slightly Ic&a vigour, in an 
atnu^phore of CO, The decomposition eftected by the Ihictciinin is 
accompanied by only a vety sbiw evolntum of this gas, not greatei 
indeed than woubl }»e due to its lespiration Fti one e\p(*rjnicnt ahich 
was earned on foi two months, theie was an output of 0 005 gram of 
CO, per day, the gas being ,d)sorbeil by eanstic potash as it \va.s ijrnen 
oir, and the fenncntation l>eing consetjuentU .leiolnc 

The Ultimate assotiation of the two organisms in the lumps of jelly 
suggested a synibiotic relationship K\ptTiments made to a-^certain 
how the two afl[’e( ted e<ich (^hei failed however to beai nut tins view 
The influence of the bacteiiuuiwe have seen to ite l.ngelv shown in 
the formation of relatively consider able f|uantities f)f both aretn find 
bucciiuc acidd Cultn'.itioii's of the \<s‘i.st w'erc conseipiently made in 
the presence of dilierent jnopoiturns of aeid, with the expectation of 
finding that an acid meilium would he advantageous to it 

Three flasks were piepaied, each containing 90 c e (►f 10 per cent 
solution of cane-sugar to whnh 10 cm of yeast-water were .nlded. 
Those were then carefully stcnliscd To flask A, acetic acid was added 
till 0 1 per cent was present, contained 0 pci cent., and C 0 a jrcr 
cent, of the Hame acid Kach was then infected with 1 c c of a pure 
culture of the yeast, and they wore allowerl to lerment at the labora¬ 
tory temperature (about 10“ C) A control was preiwiicd in a fourth 
Husk, no acid being added. The feiment<ition which resulted in A 
WHS about equal to that in the contreJ, that in was less vigorous, 
and that in C was veiy feclrle After two days, while the Icrmontation 
w'as still active, they were all filtered on to tared filters, and the 
quantity of ycMst wcighe<l. The control w%'is then found to cioiitaiu 
0*09 gram of yeast, while the other flasks contained respectively--A, 
0 106, B, 0‘079, and 0, 0 027 gram. So far as the growth of the yCcist 
was concerned, 0 1 pel cent of acetic acid was favourable , but 0 25 
per cent, was slightly inhibitory, while 0 5 per cent, was markedly ko 
The alcohol was then distilled oil and estimated A contained 2 per 
cent., B 1 33 per cent, and C 1 per cent., while the control conUincd 
1*66 per cent, of the spirit. Those figures agree w'lth the conclusion 
liased upon the weight of the yeast. The same results were obtaiuerl 
when lactic acid wiia substituted for acetic. 

As in the original experiments made with cane-sugar, the bacterium 
produced more acetic acid than the highest projwrtion used in these 
fermentiitions, it is clear that the bacterium does not conduce in this 
way to any increase of growth or activity of the yeast. 

o 2 
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Tfc wocmed poasihlo that tlio bacterium mi^ht assist tlio latter by 
fixing nitrogen from the air, fia baetona have been found to do in other 
eases of sviulHOsirt Caicful experiments showed, however, that neither 
the conjoint organism nor the liaetermm alone eould grow in a culture 
fluid which did not contain combined nitrogen. A quantitative esti- 
nialion of lutiogen was made of two fermentations of cane-sugar, one 
by yeast ahme, the othoi by the conjoint organism, a control of the 
eultnic fluid .done I)cing examined simultaneously The iiitiogeii w^as 
(leternniied by Kjeblahrs prucc.ss Tlio untidl amount of nitiogori 
present was 0 013 giani Neither flask showed any vaiiation fiom 
this quantity at the end of the fennentuition 

The presence of tlio bacteiium avus seen coiiseijnently to be of no 
hor\i(e to the yeast, but on the othei hand to b(* dis.Kh'antageoiis to 
Its growth 

The yeast Avas, on the othei hand, found to lie of some value to the 
bactenuin Dnnng the fermentations the fonner was found to excietij 
a certain amount of vaiioits extr'actnes into the liquid, which had a 
distinctly nulritiAO amIuc to the lattm' The Kictenum grew A^ory 
milch better at the expense of these evtraetives th.m it did when sup¬ 
plied with eombiued intiogcu in the form of ammonium laitrate, or 
of Hsparagin Compmitive expenments made with the extractives 
prepared from a ternientation shoAved that neither aspaiagin nor an 
<LmnumLiim salt could luiiiistei to its development sf» readily as they 
did. This A low was also supported by the fact that yeast-water harl 
already I>een found to be the host form of supplying combined nitrogen 
aitificiallv to tultiireH of the isolated bacterium 

The alcohol Avaa of uo iiutriti\e value to the latter Wlieu it was 
cultiA'.'ite*! HI the presence of varying quantities of the spint, it made 
uo use of it, and the original qu.intity of alcohol was found to be pre¬ 
sent m the liquid at the corieliisiori ot the experiment 

Thu lulatiouslup between the two la not therefore one ot symbiosis 
The liaeterium apiiears to bo a sapropliyte, thriving at the expense of 
the nitrogenous cxci’eta of the yeast It is not at all pai.isitic* on ita 
neighlxiur, the yeast never being injured by its presence until snfticient 
acid htus been produced to cause a secondary inhibition 

In the formation of the acetic acid this bacterium is peculiar It 
cannot bo referred to the ordinary group of acetifying organisms,* as 
it has not the poAver of afTocting alcohol as they do Its action on the 
sugar Booms to bo a direct one, causing a fonnatiou of acid at the 
exfionso of the latter, without setting up any preliminary fermenta¬ 
tion. PxirUmnm anil (Brown) has also this power in iho preseneo of 
oxygen, but it win oxidiso alcohol in addition. 

Tlio immediate antecedent of the acid appears to lie fructose. 

* See Boijeruick, * Coat f Balt ,* toI, 4, 1808, for a aumuiary of the known 
«cetic orgHiusms 
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Though the bacterium flourishes in solutions of cune-sugiii, it does not 
convert the latter inimeiliately into the aenls of the fcrinentiition, but 
hydrolysis takes place first. In one experiment 150 cc of a 10 per 
cent, solution of cane-sugar, containing 15 c c. of yc.ist \iater, ueie 
infected in a sterile flask with a pine culture of the bactciium, and 
fermentation was allowed to proceed for twelve days at the tempera¬ 
ture of the labor.itory At the end of that time tlie acetic acid was 
distilled ofl*, and the residue pouicd into alcohol to pioeipiUite unoiluT 
constituent, winch will be rofcired to below The icinamder ot the 
sugar WHS left m solution in the alcohol After tiltiation the akohidn* 
Inpiid was evapor.ited lo .i ayrujiy consistency, .ind the lesiiluc taken 
up with water It was then dividctl into two (spial portions, and mie 
of them was acidifictl with sulplmnc acid till the concentration ot tho 
latter \vivs 2 per tent It was then boiled on a water bath foi tw^o 
hours and taicfull) neiitniliscd An aliquot pait of e.icli wa:^ tluui 
titrated with Fehling’s Bolntion, and the ciipnc ovidc formed was 
weighed The iveights of the tw'o w'eie almost identical, differing Uy 
only OOOJgiam The in\ei.sioii of the cane-sugar by the ojgaiiiMm 
had consequently been pr.ictically (omplete. 

A few lui icria only h<ivc l>een found to seirete nivertasc Fermi 

and Montcscino found that iUuilUw 11 /u/ac- 

fiUUHs^ the led Kiel bacillus, and rio(eu> cultfini^ ^YO^e capable ok 
pro<lucing it in bouillon to w'linh cane-sugar h.ul been added Van 
Ticgliem show eil that it w’as secreUMl hy LnutnntsffM s To 

these the bacteiium under obseivation must now be added The 

following experiment show's that the inversion noticed in the last case 

w'lis due to an excreted enzyme 

A good oultiue was made in caiie-sngai solution, and, after a few 
days, w'as filtered under pressure through a Chamberlaiidl s jiorcelain 
tube. Three flasks were taken, and 15 vk of cane sugar solution of 
2 per cent. concenUatiou placed in each They w ere then cuicfully 
stenliscd. To A «ind L, 2 c( of thi' filtrate from the culture wcie 
added, tho hltr.ue ha\nig Ikhmi found free from orgttriisms b^ careful 
microscopic exarnin.itioii, X> wms then boiled and allowed to cool 
slowly. They weie all kept fora few days at the tenjpcratuie ot 
22" C in an incubator On titration with Fehhngs solution, C, the 
control, gave no reduction, B a slight one, and A threw d(twui a con- 
eiderablo precipitate of cuproius oxide 'Fho small reduction in B w*Jis 
due no doubt to a trace of inveit sugar present in the culture fluid 
added to tho flask The much greater iciluction in A was due to 
mvortase which the bacteria had excreted. 

The experiments quoted in the early part of this paper show, how¬ 
ever, that the inversion must take place grailiially and the fructose 
be supplie^l almost as it is wanted. In presence of fructose only, growth 
is almost impossible. 
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Attcntirm h<iM l>eoii cjilled in the first part of thw paper to the 
amount of mscouh matcrMl whuh the bartcnum produces in flolutione 
of rano su^'fir There is a great simdaiitv between its action in thw 
rcs]icet and that of ^'aii I'lcghom's Lf'ti^onosfof' 

An examination uas made of the viscous mateiial, a special culture 
being mad<‘ in a large' Ihtsk for the purpose I’he slimy niaterial was 
found U) la' slowly soluble in watei, yielding .in opalescent solution. 
When ptnired into an excess of ah*ohol, it gave a Iiulky floeeulont pre- 
t ipitati) This \r;is allow ed to settle .uid the alcohol was dot anted, and the 
wet precipitate thrown on to a filter When all thi* spirit had drained 
awMV, it w'.N taken from the filter and stir led w'lth water in a beaker 
A (‘onsidcjaljle (piantity dissolved, but a good deal of lesiduo was left 
in HU'jpcnsioii The watery solution w%'is hlteu'd off and ev.iiiuned 
ft ga\e a leildislvpurple colour on the athlition of lodnu', but had no 
action on Fe hi mg’s dual Heated with 2 percent of sulphuric acid 
oil .1 watei'hatli f<u* two hours .md then iieiitr.dised, it ga\o evidence 
of th(‘ piesence of sugar It rr*duc*erl Kelilings fluid on boiling, and 
yieUlisl an osazone when treate<l wuth pheuylludr.vzino acetate It 
deHected a rav of poLuised light, and harl a specific rotatory power of 

Ho - f-i:io 

The rosiflue, \shich was insoluble in w.itei, wa> i oloured Mulct on 
the addition of iodine It h.id no action on Fehlmg’s solution, imt 
was eoineiled into a redmirig sugar ]»v boiling it with 2 per rent ol 
sulphnne acid Tt w^*ls readily solulile in a 10 per cent solution of 
caustic soda, and loss fi eely in a 1 per cent solution Neutralisation 
or dilution did not cause it to Iw repreripitated Tlie solution had no 
action on polarised light 

There weie thus found to bo ])iesent in the visions lupiids two dis¬ 
tinct caibohydrates, winch possessed mm h in common w'lth Scheiblci's 
but which were not (iuite identical with the Jattei. They both 
appeared to be menibcis of th(» hcmi-celluloses 

The exact relation of these bodies to the bacteiium h.is not been 
determined. While there are some grounds for thinking that they are 
not so much products of fermentation in the strict sense as of its ordi¬ 
nary" biological processes, being pprh.a]js only the bubstance of the 
diiferent sheathfl to which allusion has Ikjcu made in the first part of 
tins paper', it is not certain that they may not bo regarded as products 
produced altogether outsido the organiHin, m consequence of an altera¬ 
tion of the fructose produced by the hydrolysis It is altogether 
unlikely that they resulted from the glucose moiety of the inversion, 
as this sugar is not a favourable medium for the growth of the organ¬ 
ism, and such cultivations as are possible in solutions of glucose do not 
show the jirosoneo of any viscous material 
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"Experiments in Micro-metallni^y —Hflecls of Strain. Tre- 
hmiiuiry N'otK'O.” I]y Janies A Ewin(I, FUS, and WAr.TKR 
Eoskxhain, 18.5] Exliiliitiou Itt^sraich Scliolar, ^Mcdljouino 
T'niveihitv. KeceiviMl and Itead Mai eh 10, 18f)0 
[Pl\tbs 1—.') ] 

Much infornution has been ol)tained re^ai’din" the htnicture of 
metals by the methods of nnrroscopu* exaiiiin.itioii initiated by Sorl^y and 
successfully pursued by Audicv^s, Arnold, Chaipy, M.irtcns, Osmond, 
Itolierts-Austen, Stead, .iiid others When a highly pohslied siirfaco of 
metJil 18 lightly etehed and examined nndei the niuroscope, it reveals 
n structure A\lneh shows that the metal is made up in geueial of irre¬ 
gularly sh.ipod grama with well dehned bonmling am faces. The 
exposed face of each gram has been found to consist of a multitmle of 
crystal facets with a definite orientation Seen under oblnpie illumi¬ 
nation, these facets exhdut themselves l^y lefleMing the light in a 
uniform manner over each single gram, but in very various manners 
o\er different grams, and, by ehaiiging the angle of iiKidcneo of the 
light, one or another grain is made to Hash out compaialively brightly 
over Its whole exposed surface, while others become dark 

It ia also vrcll known that the gi.nns are deformed when the metal 
IS subjected to such processes as cold h.iinmeiing, or cold rolling, or 
wiroslrawing On polishing and etdimg a piece stTaincd m any such 
way, the grama aic ftuiml to be on the whole longer m the direction ni 
which the metal is extended than iii other directions. But on heating 
the metal suftkiontly a rc-form«ition oi structuio oeeuis, and the grams 
arc found to have again assumed foim.s in which there is no direction 
of predominating length. In irori this recrystalbsatioii occurs at a red 
heat It 18 aKo kuowm that prolonged exjiosure of non to a tempera- 
turo of af>out 700^* C tend.s to produce a huger granular striictiiie thfin 
is found if the meUd is sonieivliat quickly cooled from a higher tem- 
jHiratmc. 

The grains appear to bo produced )>y eiystillisation proceeding, more 
or less simultaneously, fiom .is many centres or nuclei aa there are 
grams, and the irregular more or less polygonal boundancH which ai'O 
seen on a polished and etched suifaee result from the meeting of these 
crystal growths The grams are, in fact, crj^stals, except that each of 
their bounding surfaces is casually detei mined by the meeting of one 
growth with another. This is, we believe, the view usually accepted 
by metallurgists but there is considerable difference of opinion as to 
the part played by foreign matter in possibly contributing to form a 
cement at the intergranular junctions 

* See offpecially two papers by Mr J E Sfend (‘ Jour. Iron and Steel Inat ,* 
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Tho experiments, of which this is a preliminary account, have been 
directed to examine tho behaviour of the crystalline grams when tho 
metal is subjected to strain 

For this puiposo wo have watched a polished surface under tho micro¬ 
scope while the mo till was gradually extended luitil it broke. By 
arranging a small Ktiiiinmg machine on the stage of tho microscope, we 
liave boon able to keep under continuous observation a particular 
group of crystfdline grains while tho piece was being stretched, and 
ha\t‘ obtained senes of photographs showing tho same gioup at various 
stages m the pioccss Stiips of annealed sheet iron, sheet copper, and 
othoi niebds have lieori examined in this w.13'' AVc ha\e .ilso oltseived 
tho effects of stiaiii on the polished smfaces of liars in a .^)0-ton testing 
machine h^^ means of a microscope hung fiom tho liai itself, and have 
fuithor observed the cflecls of compiession and of torsion 

When ii piece of iron or other niet;il exlii})iting tho usual gianiilar 
structure is stretehed lieyond its el/istie limit a icniarkalilo change 
occuisintho appearance of the jmhsheil and etched suvtace, as seen 
liy the usual method of '■‘voitKal’* iHuinination A number of sharp 
black lines appear on the f.veos of tho crystallino grains at first they 
appear on a tew grainy on 13% and as the straining is continued they 
appear on nioie and more grams On oacli giain they aio moie or 
less stiaight and paiallel, but their cliiectious are difteicnt on diftbient 
grams. At hrst, just as tho yield-point of the mateiial is passed, tho 
few lines \vhi(h can Ikj seen aie for the most ikivt transverse to tho 
direction of the pull As tho streUh biM'omos greater oblique systems 
of lines on othei grams come into view 

Tho photograph, lig 1 (Plato 1), taken Irom a stnp of transformer 
plato (lolled from Swedish non and annealed after lolling), gives a 
chaiacteribtie view of Uioho linos as they apjioar aftoi a moderate 
amount of permanent stretching, but long before the iron has reached 
its breaking limit. 

The appeal anco of each gram is so like that of a crevassed glacier, 
that these dark linf*a might readily bo taken for cracks. Against this, 
however, was tlio consideration that an uver-stiairicd piece of iron 
recovers its original elasticity after a poricnl of rest, though, as wo 
found, the dark lines did not (bsappear when recovery took place, and 
further that sharp lines of the same nature were not seen on tho surface 
of metal which was polished and etched after straining. 

The real character of the hues is apparent when the crystalline 
constitution of each gram is considered. They are not cracks, but 
sHpa along planes of cleavage or gliding pianos. 

Fig. 2 is intended to represent a section through tho upper part of 
two contiguous surface grains, having cleavage or gliding planes as 
indicated by tho cross-hatching, AB being a portion of the polished 
surface. When the metal is pulled beyond its elastic limit, in the 
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direction of the arrows, yielding Ukes place by finite aiuoiuits of slips 
occurring at a linated number of places in the manner shown at 
a, by Cj liy e (fig. «3). This blip exposes short poitions of iriclineil 
surfaces, and when n lowed under normally incident light, those suj faces 
appear black because they return no light to the microscope They arc 
consequently seen as <Iark lines or nairow ban<ls, extonding over the 
polished surface in directions which depend on the inteisection of the 
polished surface with the surfaces of slip 

'Wq have proved the coiicctness ot this view by ex.iminiiig thcbO 
bands undei oldique light When the light is inndent at only a small 
angle to the ])olishod sin face, the siirf.ice appears foi tht* most part 
dark, but hero am 1 there a sysUmi of the paiallel bands .sliines out 
brilliantly, in consequence of the shoi t cleavage or gliding sui taces which 
constitute the bands Iiavmg the piopei inclination loi Uiflccting the 
light into the micioscope Fig 4 is tlie photograph of a ^ti.inicd piece 
of Swedish lion illunnnated in this way. The magnification is 2S0 
diameters. The groups of parallel hiiglit bands which apjieai in the 
photograph may leadily be nlisencsl inidei the micioscojio to be 
exactly coincident with the bla<k hands seen uudiM vertical illumina¬ 
tion, and by changing the angle of inddeiiec of tlie oblif[uo light, the 
aame bands may bo iji.tde to appear daik on <i faintly luminous giound. 
Rotation of the sUige Co which the stiaiued .specimen is fixed makes 
the 1 Kinds on one or aiioLhci of tlie grains fiash out siu cessively, w’lth 
kaleidoscopic effect. In wdi.it follows we shall speak of these lines as 
blip lianda. Fig. J, through a mixed illumination, shows some of the 
slip bands liiight and some daik. 

Incidentally fig 4 illustrates the fact that oblique lighting picks out 
the boundaries ot the crystalline giaina, showing that these boundaries 
aio marked by indiiicd sin faces connecUng grams whoso faces aie at 
different levels. This is obseived also in the etched surface of the 
metal before sLrauiuig. The iHiuudaiics, which apjKsar dark under 
vertical light, aie bright on one bide of each ciystallme grain, when 
the light falls with grazing iiuidente from one side But the sloping 
surfaces whicli inaik the boundaries lietw’een the grains have by no 
means the shaiply dofituto inclination which charactoiibos the suifaces 
which form the slip bands. One oi moie groups of slip bands will 
shine out veiy brightly when the light has a particulai angle of inci¬ 
dence, and will vanish when the inculonco is slightly changed. The 
Ixuindanes arc not in general so blight, but they leniain fairly bright 
while the incidence is changed through wide limits. 

When the motal is much strained a second system of bands appears 
on some of the grams, crossing the first system ut an angle, and in 
some cases showing little steps whore the linos cross These bands are 
clearly duo to slips occurring in a bocond set of cleavage or gliding 
surfaces. An example of the crossed systems of bands will bo soon in 
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fig. 8. The cryatak in metals are generally culncal, hut the angle at 
which the intersecting syatoms of haiuh cross depends on the inclina¬ 
tion of the polished surface to the pianos of oli'avago. Occasionally a 
third system of hands may he soon 

As straining proceeds tiie originally smooth surface of the specimen 
heconies roughened hy the smfaeo grams changing m their relative 
levels and <i]so becoming more or lc*ss inclined, <is well as more or loss 
stepped All this happens in consc<jucnce of the slips which they and 
their neighlmurs undergo To this la dne the ilull appearance which 
an onginally Innght snifaco assumes when the metal is o\orstrained 
Fnder the muioHcope the strained snifacc is scon to })0 full of ups and 
dowms, and a continuous alteration in focus is rc(iuiicd to tiace the 
system of hands, even o\er the face of single gram 

When the exponment is made with a polished hut unetched specimen 
the slip hands .i]>poar equally well The houndancK of the grams aic 
inMsihie hcfoie straining , hut the\ can ho distinguished as the stiaiii 
proceeds, for the sli}) lumls fonii a cioss-hatchmg which so^^es to maik 
out tlio surface of eaih gram. 'I'o stiain a ]io]ished Init unetched 
Rpocimcn rcNcals in a striking w’ay the granul.ti charactei ot the 
HtlUCtlllO 

Figs. 5, G, .irnl 7 aic selected from «i senes of photographs sliowung 
under a magmhcution of liO diameters, the same grou]i of crystalline 
grains ui a vS|)ecimcu of soft w rought iron at vaiious *stages of straining 
by pull The anows show^ the direction in which the pull was apjilicd 

Fig 5 show^s the group Inifoio straining began Fig 6 w the same 
gioup aftci the stiam had l>oon earned some w^ay past the yield point 
Fig 7 IS the same group after the piece had sniteied considcrablo 
further extension in the same <lirection Coinpan.son of the thioe will 
show how the grams change their shape m c'on.scquonoo of the slips 
which occur m them, ,iiul also how the fact's of the grams become tilted 
and altcre<l m rolatue level. 

Fig K IS allothci sample ot iron stiaineil by pull The specimen in 
this case was a hai of Swedish iron, in w^hich a comparatively largo 
crystalline stincture had laien developed hy anncahiig for some hours at 
700' C The photograjih ivas taken after the liar had been hrolcen in 
the testing machine, and show's with a magnification of ^00 diameter a 
a |K>rtion of the surface not far from the place of fracture The largo 
gram which appears to the left in lig. 8 measured 0 16 ram. in the 
direction of the arrows hoforo Btraiimig, and w'as extemled hy the 
strain m that direction to almut 0 2 mm The slip hands upon it aio 
on the a\oriigo 1/400 mm, apait. This applies tij both of the two 
systems of Imnds which appear in the photogniph. The apparent 

* Thu fact that- the (*rT-»talhiip 'struclxue revealed when a spemnen witli a 
)X>ltfthed unctoticd surface is etminod has already been pointed out by Charpy 
(‘ Comptes Rendu*«,' vol 123, 1806, p 225). 
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width of tho slip 1 Kinds thcmselvos is too small to )>o measured 
with any accuiacy, it does not appear at any place hoit» to eveeod 
1/2000 mm 

Tho sliji-bands aio developed by compression as well <ih by extension. 
Fig 9 photo"r,i])h (at 400 disiTnotcis) liom the polished and 
etched side of a block of Low Moor non compiessed in the testing 
machine sufficiently to gne it .i ftnusideiahle amount ot permanent set. 
Th (3 bandH tlevelopod by compiession ha\e apparently all the (haiactei- 
istics winch they pie.senl in siietched pieces, and we could not, by 
microscopic exaiinn.ition of the suilaee, distingiiihli, in this respect 
hctw'een the etlects ot loniprcssion and extension The nregiilai daik 
patches in hg 9 are sLieaks ot sLig 

Hy twisting an iron l>ar well beyond tlie elastic limit the slip-l)ands 
are m.idc to appear*, for the most part in dnecLions p.iiallel and per¬ 
pendicular to the axis of twist. 

A strip of sheet metal, such as non or copper, in the stdt state, when 
bent and unbent in the lingers shows them well developer I hy the 
exlensjon and compression ot the suif.ue 

We ha\(‘ doxeloped the slip-hands ni non, steel, coppei, aihei, lead, 
hisHiUth, tin, gun-metal, anri hrasa Tii siUer they show particulaily 
w’cU, the ciystalline strncture l>enig huge ami the lines straight In 
copjiei also the lines are sliargliter and more legulaily spaced than is 
getieial in non IMost of these metals have heen testerl in the form 
ot hloeks under ctmipr’Cssion A heaiititul titn elopment of slip hands 
may loadily he produced by jiincliiiig «i button ot polislied siher or 
(' 0 ]}pei ill a X ice 

In caibon steels we have touml the sliji-hands considerably nioio 
difficult to ol«5er\e than in xvimight non Tlie smaller gianular stiiu- 
tuie of steel appaienlly makes the slip-bands coiiespundingly minute. 
In mild steel they arc seen ie.ulily enough, Init in a lathei high car bun 
steel wo anecoeded m seeing them only willi dithmlty in the “ fernle ” 
areas under ,i magnilication ot ],U(J0 diameters. A cast ])iece ot tho 
nearly puie iron used foi dynamo magnet-* showed a relatively veiy 
large granular structure -iiid w-ell inaiked sliji-hands 

These oxjKiiiments throw what appeals to us tr> ho new light on tho 
character of plastic strain in luctrils and other jri*egular oryst'illnie 
aggregates. Plasticity is duo to slip on the part of the crystals along 
cleavago or gliding surfaces. Each crystalhno grain is deformed by 
numerous internal slips oeeurnngat intervals throughout its mass In 
general these slips no doubt occur in throe planes, or possibly more, 
and the combination of the throe allows tho grain to accommodate 
Itself to Its envelope of ueighhounng grains as tho strain procoe<ls. 
The action is discontinuous it is not a homogeneous shear but a series 
of finite slips, tho portion of the crystal betw een one slip and tho next 
behaving like a ngid solid. The process of slipping is one wffiich takes 
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time, aiul in this respect the ‘iggrogate effect is not easily distinguish- 
alile from tho defonnatiori of a viscous liquid 

Wo infer from the oxpcnnionts that “ flow ” or iion-ehistic deforma¬ 
tion in metals f)ceuis thioiigh slip within aich crystilhno gram of 
jiortions of the cijstal on one another along surfaces of cleavage 
or gliding sin faces Theie is no need to suppose the poitions which 
slip to ho othci than iierfectly elastic. The slip, when it occurs, iii- 
vuhos the exjiendituro of work in an iireversil>lo manner. 

It IS becuusij the metal is an aggregate of inegiilar crystals that it is 
plastic its a whole, and is idile to lie iletormod in any mannei as a result 
of tho slips otcurnng in individual crysUls Plastitity lequnes that 
each poilion should lie able to change its shape and its position Each 
crystalline gram changes its shape through slips occuinng within itscU, 
and its position thiough slips occurring in other grams * 

From wliat is known about the bieak down in olasUdtv whicli ou ills 
as the immediate etlcct of oicistiain and the sulisequent recovery of 
clastnity aftei a jieriod ot lest, it would seem that the suifaces over 
which slip has oediiied aie at fiist w'cak, but heal with the lapse of 
time To discuss these ])mnts, however, lies licyund tho scope of .i 
ptehminary notice 

Tho experiments were made in the engiiicciing l.dioiatoiy at Cani- 
bndgo, and are being continued Wo wish to t.ike tins ojqioi tiiiiily of 
thaiibiiig Sir Kobcits-Austen and ^fi, T Aiidicws for tho great 

kiiKlness with which, at the outset ol oui work, they gave us the 
lieiiefit of their expenenee m piepaiing aiul obseiviiig mieioscopic 
spetimens of metals 

[AWc (uUhfl Ajuil 14, 1899—In a specimen of cast nickel, which 
showed after eti lung a ciysbillme stiucture much reseinblmg thatof iron, 
but on a i onsiderably smalloi scale, straining developed minute slip- 
bands, which aie cleaily appaicnt under a powxr of 1,000 diameters. 

VVo have also examined a .specimen of pure gold by eompicsHUig a 
cast liutton with a polished face, not etched The straining levCfila 
ciystalline stnii tuie on a largo scale, and in each of the crystalline 
grams there is a aupeib dovolopmeut of slip b.inds. They aio long, 
noaily stiaight, exceedingly numerous,' and very closely siueed. A 
power of 1,000 diameters is required to see them w^ell. Twointei- 
facfting systems aie Lonimon, and three are well seen in some of the 
grams, forming a regular geometrical network. The iiiteigranukii 
boundaries are sh.irply defined by the meeting of the slip-bands on 
Ciich gram with those on its neighbours. The 9li]>bands in adjacent 
crystals moot in a way which demonstrates tho absence of any appre¬ 
ciable quantity of foreign matter m the intergranular jiinctions,] 

* Attonlion should bo called in tins conneotion to Iho exportiiieotB of Messrs. 
MfC'onncl and Kidd on the plasticity of glacier ice (' Koy Soc. Iboc,* %ul 44, 
p 331). They found that bars out from gtneior ico, which is an aggregate of 
irregular crystals, ard plastic 
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• 

“ The Physiological Action of Choline and ^N'onnne ” By F W. 
Mott, MI), F1I.S, and W. 3 ^ H\mnriiTuN, M,I), FKS. 

. Ileceived March Id,—Read April 20, 1S90. 

(Abstract) 

The corebro-spinul fluid rpmovod from cases of brain atrophy, particu¬ 
larly from cases of Coiieriil Paralysis ef the Insane, produces when 
injected into the cirLuIatiun of aiuesthotised animals (dogs, cats, 
rabbits), a fall of arterial blood pressure, with little or no eflect on 
respiration. This jiathological fluid is richer in pioteiil matter than 
the normal fluid, and among the proteids, nnclco-[)roteid is present. 
The fall of blood pressure, is, however, duo not to proteid, uor to iuor- 
gamc constituents, but to an organic substance, which is soluble in 
alcohol Thia substance is procipitablo by phospho-tungstic and, and 
by chemical methoils was nleutificd as choline. The ciystals of the 
platinum double salt, which, when crystallised from 15 percent, alcohol, 
are characteristic octahodra, form the most convenient teat for the 
separation ami identification of this base. 

The nuclco-proteid and choline donhtlosa oi iginatc from the disinte¬ 
gration of the brain tissue, and their presence indic.itos tliat possibly 
some of the symptoms of (Teneral I'aralysis may bo <lue to auto-intoxi- 
cation; these substances pass mto the blood, for the cerebrr>-Hpinal fluid 
functions as the lymph of the central nervous system Wo have iden¬ 
tified choline in the blood removed by venesection from these patients 
during the convulsive seizures w’hich form a pronnnont symptom in the 
disease. 

Normal cerebro-spinal fluid docs not contain nucleo-jirotcidor choline, 
or if these substances are present, their amount is so small that they 
cannot ho identified Normal cerehro-spiiud fluid producch no eflect on 
arterial pressure ; neither does the alcoholic extract of noi uial blood or 
of ordinary dropsical effusions. 

The presence of choline in the pathological fluiils will not explain 
the symptoms of (Tenoral Paralysis; for instance, it will not account 
for the fits just referred to. Its presence, however, is >in indication 
that an acute disintegration of the cerebral tissues has occurred. If 
other poisonous substances are also present, they have still to bo ilis- 
covered. 

Our proof that the toxic material wo have specially workeil with is 
choline, rests not only on chemical tests, but also on the evidence 
afforded by physiological ox]ienmcntfl ^ the action of the cerebro-spinal 
substance exactly resembles that of choline. Neurine, an alkaloid 
closely related to choline, is not present in the fluid; its toxic action is 
much more powerful, and its eflecta differ considerably from those of 
choline. 



92 


Drs. r. W. Mott and W. IX Halliburton. 


Phjmlogiml A<l%(m of Choi me. 

The doses employed wore from I to 10 o.c. of a 0'2 per cent, solution, 
either of choline or of its hydrochloride. These were injected intra¬ 
venously. 

The fall of blood pressure is m some measure duo to its action on 
the licart, but is mainly produced liy dilatation of the peripheral vessels, 
especially in the intohtinal area This was dmonstiated ]>y the Ube of 
an intestinal oncometer. The limbs and kidneys aie hiunewhat lessened 
in volume^ this appeal's to Ikj a j)assi\o elloct, secondary to the fall in 
general blood pressure The drug causes a marked contraction of the 
spleen, followed by an exaggeration of the normal curves, due to the 
alternate systole and diastole of that organ 

The action on the splanchnic vessels is <lue to the direct action of the 
biise on the neuio-muscvilai mechanism of the bbiod vessels themselves; 
for after the rnhuonce of the ccntnil nervous system has Ireen removed 
by section of the spinal cord, or of the splanchnic nerves, choline still 
causes the typical fall of blood pressure The action of peiiphcral 
ganglia was in other experiments excluded by jjoiboning the animal 
previously with nicotine 

Section of the vagi produces no effect on the results of injecting 
choline 

Wo have obtained no evidence of any direct action of the base on 
the cerebral vessels. 

Choline has little or no action on nerve trunks, as testeil by their 
electrical i espouse to stimulation This aspect of the subject has Injeii 
tiikcn up by Dr Waller and Mias »So\\ton, who will publish their 
results fully in a separate paper. 

Choline has no effect on respiration. 

The effect of choline soon passes off, and the blood pressure rotimis 
to its pre\ious level This is duo partly to the great dilution of the 
substance injected by the whole volume of the blood, and may be 
partly duo to the excretion of the alkaloid, or to its being broken up 
into simpler substances by metabolic processes AVo could not find it 
in the urine. 

If the animal has been previously anaesthetised w ith a mixture of 
morphine and atropine, the effect produced by cholme is a rise of 
arterial pressure, accompanied by a rise of the lover of the intestinal 
oncometer Other aniesthetics cause no change in the usual results. 
We consider this ohservation of some imporUnce, for it shows how the 
action of one poison may bo modified by the presence of another. 
This has some bearing on General Paralysis, for the arterial tension in 
that disease is usually high, not low, as it w oiild be if choline were the 
only toxic agent at work. 
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FhjsioJmjtml Adion of A^etnnir 

The doses employed vai icd from 1 to 5 c c. of a 0 1 per cent solu¬ 
tion. Those were injected intravenously. 

Nourine produces a fall of arterial pressure, followed by a marked 
rise, and a snlisoquent fall to the normal level. Sometin)es, especially 
with small doses, the preliminary fall may be absent. Sometimes, 
especially with large do.ses, by which presumably the heart is more 
profoundly affected, the rise w absent. 

The effect of neiinne on the heart of both frog and mammal is much 
more marked than is the case with choline, in the case of both choline 
and neunno, the action on the frogs heart is antagoniHod by atropine. 

The slowing and weakening of the heiirt appear to account for the 
preliminary fall of blood pressure, in some cahos this is appiircntly 
combined with a direct dilating influence on the peripheral vessels. 

The rise of blood pressure w'hich occurs after the fall, is duo to the 
constriction of the jionpheral vessels, evidence of which wo have 
obtained by the use of oncometers for intehtinc, spleen, and kidney. 

After the influence of the central ner\ ous system has l>eeii removed 
by section of the spinal cord, or of the splanchnic nerves, neunne still 
produces its typical eflects. 

After, however, the action of peripheral ganglia h.*is been cut off by 
the use of nicotine, nourine produces only u fall of blood pressure. 
It therefore appears that the constriction uf the vchsels is duo to the 
action of the drug on the ganglia, in this, it would agree with nicotine, 
conime, and piperidine. 

Section of the vagi produces no infliionco on the results of injecting 
neunne. 

In animals aiiicsthetised with morphine and atropine, injection of 
neurino causes only a rise of blood pressure, which is accompanied with 
constriction of peripheral vessels. 

Neurino produces no direct results, so far as we could ascoi tain, on 
the cerebral blood vessels 

Neurine is intensely toxic to nerve-trunks (Dr. Waller and Miss 
SoM ton). 

It produces a marked effect on the respiration This is first greatly 
increased, but with each successive dose the effect is less, and ultimately 
the respiration becomes weaker, and ceases altogether. Tlie animal 
can still be kept alive by artificial respiration. 

The exacerbation of respiratory movements will not account for the 
rise of arterial pressure ; the two events are usually not synchronous, 
and an intense rise of arterud pressure (due, as previously stated, to 
contraction of peripheral blood vessels) may occur when there is little 
or no increase of respiratory activity or during artificial respiration. 

As confirmatory of Cervcllo’s statement that neurino acts like 
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curare on the nerve endings of voluntary muscle, and to which ho 
attributes the cessation of respiration, wo may mention that after an 
animal has }>een poisoned with neurino, asphyxiation causes little or 
none of the usual convulsions 

The full paper contains references to previous work on the subject, 
and complete details of the methods used, and the cases investigated ; 
it is illustrated by rcprotluctions of numerous tracings. 

iuhifd Jpul 20, 1S90—It should bo mentioned that in the 
cases of bntin atrophy referred to, the cerebro-spirial fluid was remover 1 
soon after death. Since the foregoing abstract was written, wo have, 
however, Inwl the oppoitiiiuty of examining two specimens removed 
duruig life by lumbar puncture, and the results of our experiments 
with these coiroboiato the conclusions previously arrived at.] 


‘'On Intestinal Alis(»rptiou, especially on the Absoiptiou of 
Serum, Peptone, ami Glucose” By E Waymouth Reid, 
F.RS., Professor of J^iysiology in University College, Dundee 
St Andrew's University, N.B Received March .SO,—Read 
April 20, 1899. 

(Abstract) 

The experiments detailed in the full piper deal with the absorption 
from the intestine of the animal's o^vM serum, and of solutions of 
glucose and peptone. The method employed has been that intrcwluced 
by Loubuscher, in which two loops of intestine are simultaneously 
employed, the one the experimental, and the other the control, loop. 

The conclusions arrived at arc as follows •— 

1. A physiological activity of the intostinal epithelium in the act of 
absorption is demonstraterl by— 

(«) The alisoiption by an animal of ita own serum (or oven plasma) 
under conditions in which filtration into blood capillaries or 
lactails, osmosis, and adsorjition are excluded. 

(A) By the cessation or diminution of the absorption of serum when 
the epithelium is removed, injured, or poisoned, in spite of the 
fact that removal, at any rate, must increase the facilities for 
osmosis and filtration 

2. The activity of the cells is characterised by a slower uptake of 
the organic solids of the serum than of the water, and a rather quicker 
uptake of the salts than of the water. The relations to one another 
of the absorptions of those various constituents is variable in different 
regions of the intestinal canal (upper ileum, lower ileum, and colon). 
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3. No evidence cun Ih 3 ohuinefl of specific ultMorptivo filjros in the 
mesenteric nerves. 

4. The state of nutrition of the cells is the main factoi m their 
activity, and this is intimately associated with the blood supply. 

5. In reduction of the rate of absorption, without detachment of 
epithelium, the absorption of the vaiious constituents of scium is 
reduced in the propoition in which they exist in the ongm.il fluid. 

6 The activity of the cells may lie raised by stimulation with weak 
alcohol, without evidence of conconntiint increase of blood supply 

7. The bile has no stimulant action on the cells 

8. The colls exhil)it an onenting action upon salts in solution (sodic 
chloride especially) In a loop of gut with injured cells sodic chloride 
enters the lumen from the blood, at a time when it is being actively 
absorbed from a normal control loop in the same animal ^.This fact 
was first noted by O Cohnhcini) 

9. The absorption of water from solutions mlroducod into the gut 
18 dependent upon two factors *— 

(a) The physical relation of the osmotic pieshurc of the solution in 
the gut to the osmotic pressure of the blood plasma. 

{b) The physiological regulation of the diffi^renco of osmotic pres¬ 
sure by the orienting mechanism of the cells 

10 . The chief factoi in the absorption of peptone is an assimilation 
(or adsorption) ]»y the cells, while m the al)soiption of glucose, diffu¬ 
sion, variable by the jKjrmoabihty of the cells (and so, proliabjy, related 
to their physiological condition) is the main factoi 

11. By removal of the epithelium, the noi nuil ratio of peptone to 
glucose absorption is upset, and the value tends to approach that of 
diffusion of these subs Uncos through parchment ]«ipor into scriun. 

12. Absorption in the lower ileum is greater for the organic solids 
of serum, and less for peptone aiul glucose than in the upper ileum. 
The relative absorption of water in the upper and lower ileum is 
variable. 

13. The relative impermeability of the lower ileum to glucose di**- 
appears with removal of the epithelium. 

14. Absorption in the colon is for all constituents of serum, <and for 
peptone and glucose far loss per unit of measured surface than in the 
middle region of the ileum. 

15. The normal relative excess of salt absorption from serum over 
water aliaorption, obsorvoil throughout the intestine, is most marked in 
the colon, and more marked in the lower than in the upper ileum. 

16. Finally it is suggested that the cell activity which causes serum 
to pass over to the blood is of the same nature as that involved in the 
orienting action of the cells upon salts in solution. 
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* Studies in the Morpholo^ of Spore-producing Members. IV. 
The Tjeptoftix»ranginte Ferns ” By F. O. Bowkk, Sc.D., F.R.S , 
Regius Professor of Botany in the University of (Slasgow. 
Received April 6,—Road April 20. 1899. 

(Abstract.) 

The chiiracters used in cunent classifications of Ferns need streng¬ 
thening. In recent years the more detailed knowledge of the prothallus 
has been used for this purpose, hut while not denying its value in 
certain specific cases, the author holds that the vegetative development 
of the prothallus is an uncertain guide to a general classification. On 
the other hand the archegoniuni is so uniform in its character that it 
gives little help, the comijanson of the anthcndium is, however, a 
useful aid, though not sufficiently varied to serve in detail * Accord¬ 
ingly the sporophyte must he the main basis Its vegetative organs 
have lately Iwon largely used for systematic puiposes by Christ ;t but 
the same olijection holds heie as in Phanerogams to the use of these 
as characters of first rank for compansoii. An attempt has therefore 
been rniKle in this memoir to strengthen the characteis derived from 
the SOI us by a fresh examination of its details, and certain of its 
features will now be used for purposes of general comparison, which 
have hitherto received too little attention, they are:— 

1 . The relative time of apiiearanee of sporangia of the same sorus. 

2 Certain details of structure of the sporangium, including its stalk. 

3. The orientation of the sporangia relatively to the whole sorus. 

4 The potential productiveness of the sporangium as estimated by 
its spore-mother cells, and the actual spore-output 

Observations of these features extending over all the more important 
living genera, coupled with data of Jiahit and the characters of the 
Gamotophyte as collateral evidence, have led the author to diride the 
homosporous Ferns thus:— 

Marattiacoee Eusporangiate 

OsmundaceHi 
Schizieacese 
Gleicheniacese 
Matoninece 
Loxsomaceae 

Hymenophyllacero Leptosporangiate 
Cyathoaceee 
Dicksoniose 
DennstHedtiinae 
The bulk of the 
Polypodiaceae 

* Heim, ‘Flora,* 1806, p 866, Ac. 
t * Die Famikraut^r cler Ercle,’ Jeua, 1807 


Simplices - 

Gradates - 

Mixtee ... - 
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These divisions arc primarily based on the order of appearance of the 
sporangia in the sorua, the Siniphces having all the sporangia of the 
sorus formed simiiltaneouRly, the Gradataj having them disposed in 
basipetal succeasion, and the Mixt:e having the sporangia of different 
ages intermixed, lint it is found that other important characters uin 
parallel with these, thus the Simplices and Oiadatas have an oblique 
annulus (whore definitely present), the Mixtie (with very few excep 
tions) have a vortical annulus. None of the Mixtge have been foiuid to 
have a higher spore-output per sjiorangium than sixty-four, but this 
number is exceeded by some of the (Sradata^, and large numlKirs arc the 
rule in the Simplices The Simphces and Gradataj have relatively short 
thick stalks, the .Mixta' usually have long and thin stalks. The 
orientation of the spoi angia in the Simphces and Giadatie is usually 
<lefinite, in the Mixtai it is indefinite. The receptacle is often elon¬ 
gated in the GratLitte, but nob in the Simphces or Mixta? The sum of 
these characters, which for the most pirt run parallel to one another, 
appears to give a suhstantud basis to the claR.sification. 

Evidence iis to the transition from type to type has been collected. 
In the case of the transition from a simultaneous to a successive sorus 
it does not amount to a demonstration hub it is specially pointed out 
how slight a stop it is from such a Rorus as that of Ghirhnnn iliclwhma 
to that of an that given a basal indusium and marginal 

position, the similarity of aporaiigial structure and dehiscence between 
Okkhenui and I/rji is suggestive ; as also the sporangia! structure 
and high spore-output in Jlf/rtu^nophtflifuit Though we may recognise 
these lines of similarity, they do not f(H*us upon an}^ one genus as the 
actual transitional link from the simultaneous to the basipetal. But 
the transition from the basipetal to the mixed sorus can l>e followed in 
detail; intomiediato steps are seen in the DemistaedtnnaB, while the 
fully mixed typo is seen in the closely allied Dai^dlvf. Pi*ol)ably this 
is only one of several such lines of transition from the bahipetid to the 
mixed type. 

It is shown that a biological advantage would lie gained by the 
suggested transitions. In the Simphces the few sporangia are large, 
and, arising simultaneously, make a demand all at once on the nutri¬ 
tive resources of the part. In the Gradatss the smaller sporangia are 
produced in succession upon an elongating receptacle, and the drain on 
the part is spread over a longer period* But with the assumption of 
the mixed character the drain may bo spread over mi equally long time, 
while, as the elongated receptacle disappears, the surface from which 
nourishment can be derived is enlarged, and the distance through 
which it has to be transferred is shortenoil. Thus it appears biologi¬ 
cally reasonable that the succession should be as suggested. 

It is sh^own how the various types of dehiscence, and the action of 
the annulus stand in close relation to the orientation of the sporangia, 

H 2 
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and to their aiTangemeut in the sonis. Thiis the position of the 
annuhis, which has played so important a part in classification, has 
been placed upon a footing of adaptation 

Estimates of numerical output of spores per sporangium have been 
made with a view to illustrating the relation of the Eusporangiate and 
Leptosporangiato ferns in this respect The estimated output in the 
Marattiacea' Lis Ikjou shown to bo high f that of the Polypoduicoaa 
IS sixty-four or less. The result of numerous countings is to show 
that, of all Lcptospoiangiato ferns, Ohuhnun approiiches most nearly 
to the Marattiacoaj {(fL flaMlaia may produce o\cr 800 per sporan¬ 
gium) ; Osmtnitla may have over 500, and LifqrHhum 256 The most 
interesting results woie derived from the Hymonophyllacea', in which 
may have over 400, while species of 
may produce as few as thirty-two |ier sporangium These results, 
when taken with those derived from the filmy Toilt>a<<^ make it seem 
probable that the filmy hal)it is a condition loading to reduction of 
output per sporangium, and indicate that the HymenophyllaceH' are 
a derivative senes of reduction. 

A most important commentary upon the classification pioposed is 
donved from compansou of the antheridia, which Ilcimt foiuvd to l>e 
the most depeiidalile part of the (iametophyte for comparative pur¬ 
poses He recognises two types according to their dehiscence : the one 
type includes, with the exception of two genera of Schiza'aceie, our 
Simphces and (Tradatsp, while the other includes the Mixta*. I can 
only regard this correspondeuce of parts, so aloof from one another as 
the antheridium and the sporangium, as establishing the relations of 
the Simphces and Gradataj upon a fiinior footing , the fiicts also give 
substantial support to the distinction of the Gradatas and Mixt^e. 

The effect of the olrservations and comparisons m this memoir is 
rather confirmatory of the current classifications than disturbing. The 
divisions suggested would supersede those of Kusporangiatse and Lop- 
tosporangiatae, though those terms would still lie retained in a 
descriptive sense. If the sub-orders Osmundacea*, Schizaoacoie, and 
Marattiacese be transferred from the end of the Synopsis Fihcum to 
the beginning, and grouped with Gfeifhrim and MuUmia^ we have the 
“ Simplices " liefore us. The Grmlatae include the Cyatheace®, Dick- 
BonieoB {ExrL DniiiHtafdtia), HymenophyHueo®, and Loxsomuce®, 
sequences probably of distinct descent, and, in my view, derivative 
from some prior forms such as the Simphces; and in the arrangement 
of Sir Wm Hooker they hold a position following on the Gleicheniur 
ce®. The family of Dennstaedtiiii®, founded by Prantl to include 
Dennstaedtia and Mia oleputy also has its place here, but it leads on by 
intermediate steps to undoubtedly mixed forms such as Ditvalluiy 

• * Studies,* No. 8, p. 00. . 

t ' FLm,’ 1896, p. 850, &o. 
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Cifstoptens^ Liiui^mytU and the Fterideap, But this sequence is alrefuly 
laid out in this order m the Synopsis, and it illustrates one at least of 
the lines along which mixed forms are believed to have been derived 
from the Gradatse No attempt has been made to follow the natural 
groupmg of the Mixtai into detail, or to test the arrangement of them 
in the Synopsis. Sutheient has, however, lieen said to show that the 
systematic divisions of the ferns now proposed fall m reafhly with the 
system of Sir William Hookei, notwithfetiwiding that they are based 
upon details ot which he cannot have been aware. 


“ Note on tlio Kortibty of diflbriuit Breeds of Sheep, vvitli Beinarks 
on the Prevalence of Abortion and Banenneas therein” By 
Walteh IIeape, M a , Trinity College, Cambridge. Communi¬ 
cated by W. F. K Weldon, F.BvS Beceived March 9,— 
Bead April 20, 1809. 

The importiinco of fertility as a factor in the survival of a species is 
^vdmirably domoiistiated by llafkine,* whilst Professor Karl Pearsont 
shows that fertility when coi related with other characteristics works a 
progressive change, and that not only is fertility a race characteristic, 
but may be a class characteristic in the human species. 

Among domesticated animals, although fertility miiy be a racial 
characteristic, its impoitance may lie much reduced from a variety of 
circumstances. 

Among sheep there is undoubted evidence of the racial character of 
fertility, but the quality of the wool or the value of fat sheep of a par¬ 
ticular breed may lender that lireed worth keeping in spite of a low 
rate of fertility as compared with other breeds. Then the rate of fer¬ 
tility may l>e artificially increased, as when certain rams of undoubted 
value as progenitors, but useless as breeders if left to themselves, 
liecome valualilc sires by the help of the shepherd. In the same way a 
certain breed of sheep, kept in one (Lstrict and managed m a particular 
manner, may be more liable to abortion, or to liarronness, or to mor¬ 
tality among the lambs, than the same breed m another district 
managed in another way, and yet the former may, on account of the 
supply of food which it is possible to grow there per acre, prove the 
most remunerative. 

From these and many other similar reasons the survival of a particular 
breed or its retention in, or importation to, a particular district is not 
necessarily due to natural fitness or adaptability. At the same time a 

* " BeohercheB Bur Tadaptation au milieu obex lea Inf uBoireB et lea Bsot^es ; 
contribution k I’^tude de I’lmmuuit^,’* * Annales de i'luatitut Pasteur,' vol 4, 1890. 

t ** Contr.butiona to tho Mathomatioal Theory of Krolution. Note on Bepro* 
ductire Selection,” * Boy. Soc. Proo./ vol. 69,1896. 
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wider knowledge of the racial character of fertility among sheep might 
exercise considerable influence on the survival of certain breeds in the 
future. Juftt as the numlier of Long-horn cattle is rapidly liecoming 
reduced in this country on account of the length of time they require 
to come to maturity and fatten, so the low fertility of Southdowns if 
it cannot be increased may load to the retention of that brood in the 
hands of only a few special bree<lers. 

The following account is a brief abstract of information obtained 
from 397 sheep lireeders who have supplied me with records of Hocks 
containing 122,673 ew'cs for the breeding season of 1896-97. Table IV 
records cci tain particulars of eight pure breeds separately, and of ten 
pure breeds jointly (“ Vanoua Pure Breeds” ; detiih of only a small 
number of flocks wore siqiplied for each of those ten l»rceds). Those 
are totalled, iiarticulara of fifty-inne flocks of various ciqss-brecl sheep 
subjoined, and the toUls for all breeds fitidlly arrived at. 

Besides the figures contiiined m Table IV, other statistics were sup¬ 
plied regarding the age of rams and ewes, the size of brooding flocks, 
the proportions of rams and ewes therein, the usual and the highest 
percentiiges of Imirennesa experienced, To this w’oro added remarks 
on the food given to rams and owes at specified times, on their condi¬ 
tion <luriiig the breeding season, on vanous methods of management of 
brooding flocks, and on numerous views regarding matters which are 
supposed to influence fertility, abortion, and Imrrenness amongst ewes; 
Anally p<irticnlar8 of district'^, subsoils, and weather were noted, and the 
subject considered statistically fiom all these various points of view for 
eiich breed. 

The variation in the mimbors of flocks and of ewes concerned in the 
various calculutioria for each breed (see Table IV) is duo to the inability 
of all flock^mustors to supply the whole of the information asked for in 
the schedule, which, by the kindness of the Royal Agricultural Society, 
was distnbute<l to them, and is not duo to my selection of flocks 


Ff'thliitf 

It is to be noted the number of lambs returned does not always repre¬ 
sent the numlier born; that information, although asked for, was not 
always forthcoming and sometimes the number of lambs alive when 
the schedule was Ailed up was given instead. The percentage of twins 
given is, however, a check on this element of error, and in the follow¬ 
ing account the columns under “ lambs ” and “ twins,” Table IV, are 
considered together. The error is most apparent in the Hampshire 
Down, Oxford Down, Dorset Horn and Lincoln breeds; in the other 
four breeds, in which the records have been most carefully kept, the 
Suffolk, Shropshire, Kent and Southdown breeds, their fertility is 
demonstrated to be a racial character. 
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The Buflfolk brood is by fur the most fertile, while the Southdowiiu 
arc at the bottom of the list: the value of the former as a prolihe 
breed is incontrovertible, while the record of the latter, as shown both 
by the percentage of twins and lambs, is so low fw to suggest cause for 
some anxiety and to show urgent need for close attention on the part 
of breeders. 

The Hampshire l)ioe<l also sUikIs low both with reguid t-o twins and 
lambs, especially when its low percentage of loss from aboition and 
liarrenness is considered, whore«is the Lincoln lireed, although recording 
only 111 1 per cent of lambs, shows 29 09 p(M* cent, of ewes beanng 
twins, and the* fault, with this lirced, is oljviously not so imich low 
fertility heavy mortality among lambs and a high [lercentago of 
loss from abortion and barrenness 

The most fertile of all pure breeds of whicb T have locoids, is the 
Wensleydido breed, in which six ilocks with a total of .‘J19 cwoa pro¬ 
duce 177*43 per cent of lambs (moluded in “Various Pure Breeds”). 
It is to be noted that both Wonfllev<lalo and Suffolk ewes when covered 
by rams of other breeds, do not appear to produce a larger percentage 
of lamlw than they pioduce when covered liy rams of their o\\n breed; 
if anything, they seem to produce a somewhat smaller percentage of 
lambs. On the other hand, Doisot Horn ewes are more usually fertile 
and are more prolific with Down rams than with Dorset Horn rams. 

It 18 a very usual practice with Dorset Horn fiock-masters to keep a 
Down ram to cover those ewes which fail to become pregnant to a Dorset 
Horn ram, and, when pure-bred ewes are discarded from their breeding 
Hocks, they generally sell them “ in young” to Down rains, when they 
frequently produce as niiiny as 170 per cent, of lambs. 

It ap|>ears, therefore, that whereas the fertility of Suffolk and Wens- 
leyilale owes is at its maximum when they breed to lams of their own 
kind, Dorset Horn ewoa require to be covered by rams of another 
breed, in order that they may bo stimulated to the greatest generatn'O 
activity. 

Apart from the percentage of ewes which alxirt or are barren from 
accident or constitutional defects, the fertility of owes is chiefly aflected 
by their condition and by the condition of the ram at tupping time. I 
have overwelming evidence that flocks in strong condition at tupping 
time produce a higher percentage of lambs than flocks in poor condi* 
tion at that period (Suffolk, Kent, Hampshire, Dorset Horn, and 
Lincoln breeds); on the other hand, fat rams and ewes are associated 
with a high percentage of barrenness, and not with a high percentage 
of lambs. 

In close connection with this subject is the production of twins. 
Fifty-five per cent, of the fiock-mastera who send mformation on this 
head, report that twins are usually born early in the lambmg season, 
and many of them add that otherwise the c1?op of Iambs is small. That 
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is to say, that most twins aro produced by the ewes which first come in 
season, and I interpret that to mean that it is the ewes with the most 
active and most vigorous generative system, those which are in strong 
breeding condition at that time, which liear the most twins. It is of 
interest to note that among Southdown and Hampshire fiocks, a com- 
piratively small piojiortion of twins are born caily in the lambing 
season, and these liroods produce the smallest percentage of twins. 

The effect of locality upon the fertility of a breed is worthy of con- 
Bideratioii, and statistics .11 e given in Table V to illustrate this point.* 
Ill consHleiing these figures, rmmeious other important infiuoncos 
must bo borne in mind, which the information at my disposal makes it 
impossible to rlissociatc from loc<ihty y and in all cases, except those of 
the Shropshire arul Lincoln biceds, wliere a wide ditteronco in fertility 
is shown in diftbront districts, it is possible that the variation 111 
fertility may be duo to one or other or all of these various influences, 
apart altogether from locality. 

The fertility of a flock is greatly influenced by its maimgomeiit and 
by the criaditions under which it lives, the condition, kind, and 
amount of food available before tupping time will affect the condition 
of the ewes and the peiccntage of twins subseciucnlly born , the season 
may be more favourable for tupping or for lambing in one district 
than in another, cohl, ram, or want of rain, will atlect the feed, the 
giound, and the ewes themselves, while, owing to mortality among 
ewes during lambing or at other times in the preceding year, the 
fiocks in one district may consist of a larger proportion of shearling 
ewes than the fiocks in another district, and this may aflect the birth 
rate of a flock. 

Those and numerous other such influences, combined with the undue 
proportionate value of excessive loss or fertility in one flock, where 
only a few are kept in a district, is sufficient to account for a much 
greater vaiiation than is shown for most breeds in Table V. At the 
same time the rlitterence in fertility of Shropshire flocks kept in 
Staffordshire, as compared with other fiocks of the same breed kept 
olaowhero, and of Lincoln flocks kept in Yorkshire, as compared with 
those kept in the homo county, is very remarkiiblo. They certainly 
suggest that Yorkshire is a more satisfactory habitat for the Lincoln 
breed than is the home county, and although it is quite possible the 
method of farming and other influences, in Lincolnshire, are responsible 
for some of the difference, they can hardly bo responsible for all of it. 
I do not believe that the high percentage of loss m the Lincolnshire 
wold flocks is duo altogether to mismanagement, but if 50 per cent, of 
the difference between the losses of the wold fiocks and the Yorkshire 
flocks was added to the percentage of twins of the former, there would 
still be a difference of 17 per cent, of twins in favour of the Yorkshire 
• See “ Percentage of Twine." 
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flocks. So also with the Shropshire breed m Staft'ordshiro and the 
homo county, if 50 per cent of the difference liotween the losses wiis 
added to the percentage of twins in the home county, they would still 
have 12 per cent, less than the Staffoidshire flocks, and it is not 
probable that a different method of farming in these two neighbouring 
districts can account for such difterence in feitility. 

The returns of the Suffolk flocks in Essex are mislefwling, inasmuch 
as some of the flocks with the highest percentage of lambs do not show 
the percentage of twins , at the siuno time I am disposed to think that 
Essex 18 not so favouitiblo a county as Suttolk for this breed of sheep 
The difference in the return of lambs for Southdowns in East 
Anglia and in the South, is probably due to the more careful records 
which the smaller size of the Hocks and the method of farming in 
East Anglia allows, and I suspect the difference in the percentage of 
twins may be similaily accounted for 

In neither of the cases whei'e difleront ))ieoil8 ate I'epresented in the 
same locality, docs the percentage of twins of the foreign flocks 
approach that of the homo breed Southdowns do not approach the 
fertility of Suflolks in East Anglia, nor do Hampshiroa become as 
fertile as Dorset Horns in the West coiuitry. 

The Huftblks, Uanipshires, and Dorset Horns are most fertile in their 
home districts; in the case of the Shropshire Inoed, SUiffordshire may 
be considered a pai t of the home district, and only in the case of the 
Lincolns is it demonstrated that any breecl thrives better in a foreign 
district than at homo. This was to bo expected, for it can baldly bo 
doubted that natural selection, as well as artihcial selection, has lieen 
at work on the difleront breeds of sheep m this country. 

In the case of the Lincoln breerl it is of interest to note, in this con¬ 
nection, that the method of faiming in some parts of Lincolnshire has 
greatly altered in modern times; for instance, the facility which the 
soil on the wolds aftords to grow especially fine crops of roots, enables 
the flock-masters in that district to keep moie sheep per aero than is 
possible on the low-lying farms; this leads to crowding and to other 
even more artificial conditions which, as the statistics indicate, are not 
favourable to the fertility of the breed, on the other hand several of 
the more successful flocks in Yoikshire are run on grass chiefly and 
under more natural conditions for sheep. 

The variation in fertility in different distiicts does not, however, 
afiect the racial character of the fertility of the different breeds (com¬ 
pare Tables IV and V—“ Per cent, of Twins ”), except in the case of 
the Lincolns, where the returns of the Yorkshire flocks suggest that 
this breed should be placed in the first rank with the Suffolks and 
Bhropshires, instead of m the second rank with Dorset Horns, Oxford 
Downs, and Kents. The position of the Southdowns at the bottom of 
the list remains unaltered* 
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While the percentiigo of lambs and of twins in cross-bred flocks is 
greater than the same percentage for the total pure-bred flocks, the 
ewes of coitiiiii pine breeds are undoubtedly more fertile than the 
average crogs-l>rotl ewe 

The flock percentage of lambs in .306 puro-bred flocks, ranges from 
203*8 to 59 09 per cent, the percentage for 89,370 ewes being 120*4 
per cent. The most frequent percentage m these 306 flocks is l>etween 
110 and 120 per cent., the following Table (I) shows this, and as the 
column foi “ under 110 per cent.” includes all failures, the excess in 
the 110 per cent column is all the more maikod. 

There are more flocks of between 100 and 200 ewes than of any 
other number, and it is in these flocks the highest percentage of lambs 
occur, bioadly speaking, the frequency of a high percentage of lambs, 
and the height of that percentage, vary in pioportion to the number 
of flocks and to their size. 


Jlmition a)ul Bmrf'nnf'ss, 

Thei 0 18 an clement of error in thoso statistics, due to the fact that 
some ewes abort at an early btiige of gestation, when the ffetus is small 
and the circumstance liable to be overl(X)ke(l by the shepheid ; florae of 
these ewcfl come “ in use ” again and are again sci‘ved liy the ram, but 
some do not again come m use,” or, owing to the fact that they have 
already been diaftcd into a flock without a ram, they are not again 
covered, m either of these cases they are put down as barren. Thus, 
although I do not }>elievo the error is a great one, the percentage of 
abortion in ewes may bo higher and the percentage of barreimesfl lower 
than 18 represented in Table IV. 

The total loss from Ixith these causes amoiuits to 7 1 per cent, for 
all pure-bred ewes , of those the Lincoln sheep suffer the most (12 per 
cent.) and the Hampshires the least (4*01 per cent), a very startbng 
difference and of specially grave significance to Lincolnshire flock- 
musters on the wolds (see Table V). 


Ahmhon, 

Ill .300 pure-bred flockfl the percentage of abortion varies from 
23 75 per cent to 0, while the percentage for 85,878 ewes is 2*39. 
The Dorset Horn (4*11 per cent.) and the Lincoln (4 per cent.) breeds 
suffer most, while all other breeds except Southdowns have less than 
2 per cent. The causes which induce a high percentage of abortion 
are little understood, and severe losses are from time to time expeii- 
enced from no known cause (Lincolns 20 to 30 per cent, and Dorset 
Horns). 

Statistics supplied indicate, that an undue proportion of shearling 
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ewes in a flock is associivtoil with a high percentago of alioriion 
(Lincolns)f anil that inves of a pirticnlar breed run on certiun subsoils 
or in certain districts are more halfle to aboition than the average foi 
that breed, as, for instance, Lincolns run on the wolds and Ilanipshires 
on oolite formation. 

In some puts of Lincolnshire abortion sometimes appioachos, if it 
does not actually a'ssumo, an epidinnic form; at such times several 
neighbouring flocks, may experience between *10 and 40 per cent oi 
abintod ewes, I am unaware of a similar form of aboition in any other 
district. 

Unsuitable food, Liuising indigestion and intehtinal iintatiou, and 
poor food, resulting in poor uutntion, aie probably le’^pousiblo foi the 
gioatcst proportion of aboition in ewes It is not the kind of foo^l, tW 
IS fioquently supposed, but the condition of that foo<l which is at fault, 
and, as a losult, my schedules show that poor condition of ewes during 
gestation 18 undoubteilly associated with a idatively high peicontage 
of alxirtiou. 

The highly aitihcial conditions under which sheep are kept in many 
dibtiicts in this countiy, reiideis the question of the most suitable fooil 
foi breeding ewes a veiy impoitant question, and it is one regarding 
which but little attention has been paid. 

The most frequent percentage of alioition expeneuced in 300 puie- 
bred flocks is shown in Table II to he under 1 per cent. The highest 
percentage is relatively more frequent in large than in small flocks, and 
this table shows that much more nregularity is expoiionced in aliortion 
than Table T shows is the Cewe foi fertility. 


Banmn/ss, 

In 327 flocks of pure-bred owes the percentage of liarrenness vanes 
fiom 51*42 per cent, to 0, while the percentage for 96,520 owes is 4*71, 
The Lincoln (8 per cent,) and the Shropshire (6 06 per cent.) breeds 
suffer the most, while, with the exception of Hampshire Downs, Dorset 
Horns, and SufFolks, no pure breeds record less than 5 per cent, loss 
from this cause 

The district or subsoil on which ewes are run la associated, in coitain 
broods, with the proportion of barrenness experienced. thus, Lincoln 
sheep run on the wolds, Shropshire sheep on new rod sandstone subsoil, 
and Hampshire sheep elsewhere than on chalk downs, are associated 
statistically with a relatively high percentage of barrenness; an exces¬ 
sive proportion of shearling ewes in a flock is also frequently found 
associated with a high percentage of barrenness; but the quality of 
the food given and the condition of the rams and ewes at tupping time 
is no doubt the chief factor which influences the barrenness percentage. 

Fat is well described as an enemy to fruitfulness, while the want of 
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■The Kent flocks are all run in Kent. The Oxford Down flocks, m my records, are bo scattered, tliat a sufficient number of 
flocks for the purpose of comparison u not to be found in any two disttncts. 
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Ill 


sufficiently nutritious food also losults m poor returns of liimbs 
Among Suffolk and Shiopshiio ewes, which are highly fed as a rule, a 
high percentage of harronncbs ocrius m cases where they are exces¬ 
sively highly fed; on the other hand, among Doihct Hoin, Lincoln, 
and Kent ewes, which aie ceitaudv not too highly fed as a rule at tup¬ 
ping time, the highest peirentage ot haireiincss occuis among the 
poorest kept Hocks 

The most Irctiuent peicentage of haiienness expeiuMucMl in .S27 
fiuiks is 1 to 3 pel (ciit,hut, as T.ihle ITT shows, the letuiiis iiie 
much more irregulai Ilian was the »fise foi tiluntum, and theie is a 
much linger piopoition ot t!(»clvs in the ‘‘10 pei unit and ov(m ” 
column. The sliglitly execssne jiuipoition of floiks in the 5 jiei (onl. 
coluiiiii Huggests genoT.discd results lathei than .u (mate letui ns, hut 
the number of flock-masteis who are rcs^ionsihle for this is ohMoiislv 
i ery small 

Ill conclusion.— 

1 Whereas the total loss fioni ahoition and h,iiTcnness is fauly con¬ 
stant for most pure breeds of sheep, the Snffolks and Hampshiies aie 
market I ly free from, and the Lnuolns markedly liable to, heavy loss 
frtmi those causes 

3 Although the loss from the .ihovo causes doob e\'ei t an inHuonco 
on the leturns of terlility of the v*ii ions I needs, it does not .ictount for 
the wide vanation which exists m this rospetl 

3. The ewes of ceitain pure hieeds are lonspicuously moio feitilo 
than the aveiago cioss-hrcd ewe , and 

4, Tlie foitihty of certain puie hi cods is aufficicntly marked to con¬ 
stitute a racial charactenstic 


“Some fuithei IhunaikH on lied-watei or T(‘\a8 Fevei.” \\y 
Alexander EoiviiTox, M 1»,FKS,E, Dnectoi of the Haeteiio- 
logical Institute, Caiie Colony. ConiinimicMted by Di D 
GJhL, C B , F Ji S Keeeivctl Maroli i;; —Keatl Api il ^O, 1899 

Since my communication* to the Royal Society of Ijondon, by 
Professor Thomas R Frazer, I have been able to obtain valuable adih- 

• The coii(lu.Mons arrived at in that eoniiniuiication (received dune 6, 1808) 
were bn follow s ^ - 

1. The bloo<l of animaN, MiemselvcH healthy, from a rod-waler area is dauf^erous 
if inoculated into an nuimal which suffers coincidentally from another disease 

2 That the blood of ammaU suffering from mild or modified red-water may be 
safely used to inoculate a healthy animal nuhouianeonvlvt but is dangerous when 
injected into a vein 

8. That the subiAitaiieous inoculation of nuld or modified red-water blood 
convoys a xmld form of the disease, and since the blood of such an animal is viru- 
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tional evidence as to the communicability of the (bsease by the use of 
bloo<l derived from animala which have been either recovered from the 
sicknosh for a very considerable time or which liavo been inoculated 
many months previously to the date on which their bloixl has been used. 

On the 8th Decembei, 181)8, I withdrew some hlood from animal 
No 18, which lias been contiimously un<ler observation since it was 
inoculated on the 22nd December, 1897 After defibnnating the 
blood, 20 c c was used to inoculate a young ox (No ol) by intravenous 
injection On the following day a sharp rise of temperature occurred, 
which reached to lOfi G F On tlie following moi iiiiig it was observed to 
have fallen to 99 8 F. Three days later the temperature was again over 
104"’ F , but fell prev >us to the next moiiniig From this time onwai’d 
an erratic course of tempemture was observed, and on the twenty-fifth 
day, HiibHCfiuent to inoculation, it wa^ seen to be ill, refused food, but had 
no dehnite symptoms of “ red-water ** Thieo days later it died. The 
blood on examination was seen to contain the spherical forms of the 
parasite. 

On post-mortem examination, the bladder and urine were quite 
normal The liver was not enlarged, but was somewhat diseolourerl 
in patches, and the biliaiy ducts wcie distended with bile The bile 
was much altered, being stringy and ot a greenish-yellow colour. The 
spleen was normal in size and eonsistenee The kidneys were enlarged 
and the pelves weio filled up by a yellowish gelatinous exudation. 
The tortex w^as somewhat congested, Init there w^as no evidence of any 
tnie inflammatoiy change The general muscles were pale m colour, 
and there was slight evidence of jaundice. This experiment servos to 
show that an animal wdiich has been inoculated with infected blood, 
while it may not develop much illness as a result of it, is really infected 
and, moreover, lUs blood, if drawn as late as a year subsequently, is 
yet ho infective that an intravenous injection of it, into snsccptible 

leut whni niiiM tt*d inlo n Tcni in ftiioihcr aninml, it ih nately to bo inferred that 

Mio aniiriHl •'uffrnnp; irum the mild form becomes more or less iminuiji^^ed or 
“ ” 

On tluwi giouuds I would suggest a method of piotcctivc inoculation against red- 
water 111 tJie following manner Having proeurod a healthy animal from a red- 
water area, or ono which is knowrn to liave been ** -^alf^d," inotulato it by injecting 
6 c c of rod-water blood inl^ the jugular vein and 5 c c. Bubcutaneoiuily. In cases 
w'her(» the operator is unablo to attempt the vein imx'ulation T would recommend 
the subt utaneous iiioi ulation ot 5 c c in four difieroiit sites 

Allow at least twenty-eight flays to tdapso, and if any degree of illness is reeog- 
niHod, tliti blood of tins animal may be used, after being dellhrinated, to inoculate 
healthy cattle. For such inoculation only 6 c c should be injected into small 
animals and not more than lO e c. into larger 

Seeing, however, that the presemo of other maladies renders mch a proceeding 
iiiisate, 1 would recommend that it should only be practised during the autumn or 
winter, when th'p veld diseasoft are, as a rule, in abeyance, and in no case when any 
epidemio disease'is in the near neighbourhood. 
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animals, will certainly infect, and may even kill, although after a some¬ 
what extended period of time. 

Very important corrol>oration of this is furnished by the experience 
of inoculation for red-water, which has lately Ixjon adopted in the Cape 
Colony. Four animals which were immune to red-water (three by reason 
of having had the disease and recovered, and one by being boin and 
reared on permanently infectefl veld) were sent trom Fort Tleaufort to 
Queenstown to be used }>y the votennaty siugoon there for inoculation 
purposes. The animals to he used for inoculation had been “fortified," 
f.#?., re-inoculated with virulent blood, seven weeks previously. 

Twenty animals wore inoculated with dchbrinated blood from one 
animal, the doses uscd^eing 10 to 20 o c , according to age All liad 
a febnle reaction and some slight symptoms of the sickness, but etisily 
recovered. From one of the other of the four animals blood was taken 
and used to inocidatc seven head, giving doses of 10 to 15 c.c. Those 
also all had a reiiution, but made good recoveiy. 

On Novembei 1st the four animals weic re-inoculated with virulent 
rod-water blood, and in each case 5 c c. was injected intiavonously and 
10 c.c subcutaneously. Twenty-nmo days later hey were bled. With 
this blood two lota of cattle were inoculated. 

One lot consisted of 107 animals which had not ever lieen exposed to 
red-water infection. The dosi's used were increased beyond those 
which I had recommended, namely, 10 to 25 c c, were used, according 
to ago. Of these animalb no less than seventeen died of characteristic 
red-water. The remainder made a good recovery. 

The second lot consisted of fifty-three head of cattle, all of w-^hic h, 
with one exception (an imported animal) had boon born and reared on 
red-water veld The imported animal was the only one which showed 
any signs of reaction, but it made a goocl I’ocovery. 

This experience has suificed to show that it is not always safe to 
exceed the doses which I have recommended, unless the animals which 
have been used for withdrawing blood have been imtoiichcd for at 
least a considerable number of months. 

I have been able, with the co-operation of sever.al fanners, to carry 
out experiments by which inoculated cattle have been fully exposed to 
infection at later dates. In May, 1898, I inoculated ton heail of old 
cattle with blood from an animal which had been inoculated, six months 
previously, with virulent blood. These cattle woi e immediately removed 
from the Institute, and later sent to an infected area in company with 
ten head of young animals which wore uninoculated, but, as is com¬ 
monly known in this colony, are nut so liable to (loath from this dis¬ 
ease as are older animals. Of the young stock all have been infected 
by exposure in the veld, and three have di(^d. Of the older, more 
susceptible, animals not one has shown the slightest signs of illness, 
and the cows have given birth to healthy calves. 
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Mr. J. H. Webber had twenty-eight head of Fish River cattle inocu¬ 
lated on the 7 th November, 1898, and subsequently had them removed 
to his farm, which is well known to be one of the worst infested 
areas in the eastern pro\nnce. Previous experience has shown that if 
clean cattle are placed there they liecome very quickly affected with 
the disease On the 6th December one died from gall-sickness, but, 
with this exception, ail liave done very well, and are at this date 
in perfect health. 

This method of inoculation has proved so satisfactory to the 
farmers themselves that it is being very generally adopted, and the 
farmers have petitioned the Government to arrange for an inoculating 
station lieing placed at Graham's Town, so that clean cattle coming 
from clean Karroo areas for transmission to the coast may bo inocu¬ 
lated previous to entering the infested belt. 


Jpiit 27, 1899. 

The LORD LISTER, F.R.C.S., D.C.L , President, in the Chair. 

A List of the Piesents received was laid on the table, and thanks 
ordered for them 

The following Papers were read:— 

I. “ Data for the Problem of Evolution in Man. I, A First Study of 
the Variability and Correlation of the Hand.” By Miss M. A. 
Whitki^ey, B Sc., and Kaui. Pearson, F R S 

II. “ On the Luminosity of the Itare Earths when heated in by 
means of Cathode Rays.” By A. A. Campbell Swinton. 
Communicated by Lord Kelvin, F.R.S. 

III. “ On a Quartz-thread Gravity Balance.” By Richard Threlfall 

and J A PoiJXiCK, Communicated by Professor J. J, 
Thomson, F R.S, 

IV. “On the Electrical Conductivity of Flames containing Salt 

Vapours.” By Harold A. Wii-son, B.Sc. Communicated by 
Professor J. J. Thomson, F.R.S. 

V. “ On a Self-recovering Coherer and the Study of the Cohering 
Action of different Metals.” By Professor Jaoadis Chunder 
Bose, M.A., D.Sc. Communicated by Lord Rayleigh, P.R,S, 

VI. “ On the Presence of Oxygen in the Atmospheres of certain Fixed 
Stars.” By David Gill, C.B., F.R.S. 
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** On the Lummoflity of the Eaie Earths when heated in Vacuo hy 
means of Cathmle Eayst.” l\y A A. (’AMi'UKUi Swinton 
Communicated !>>' Loui> Kelvin, FE.S Received March 20, 
—Read April 27, 1S<J9 

For incandescent gas mantles, it is found that certain definite mix¬ 
tures of the laro eaiths aio neceshary, m order to obtain the mavimum 
luminosity For instance, in the oidinary Runsen gfis flame, a mantle 
consisting of pure thorium oxide, or of puie cerium oxide, will only 
give about one-eleventh of the light that is given by a mantle com¬ 
posed of 99 per cent of thorium oxide, and 1 per cent, of cenum 
oxide, which is the mixture at piesent use«l by the Wolsbath Com¬ 
pany. 

In onler to explain this reniaxkable fact, several different and some¬ 
what contradictory them lea have been piopounded, one of which implies 
catalytic or other chemical action between the oxides and the consti¬ 
tuents of the Bunsen fiame 

In order to investigate this (piestioii, it is obviously important to 
note the liehaviour of the rare earths at high temperatures without 
contact with any flame, and endeavours have already been made to 
effect this hy heating the oxides in speiuaUy constructed furnaces. 
Under these conditions, only very minute differences could be detected 
in the amount of light given by different oxides and mixtures, but it 
appears doubtful whether the very high temperature of the Bunsen 
flame was really attained. 

It hjia occurred to the writer, that very high incandescence could l>e 
produced by enclosing mantles in a vacuum tube, and subjecting them 
to liombardment by means of cathode rays, when the mantles would 
not be ill contact with anything except the cathode rays themselves, 
and the comparatively small amount of residual gas that remains in 
the tube at the requisite high degree of exhaustion. 

Since the date of Sir William Crookeses early researches, it has lieen 
known that a very high temperature could he produced in a body 
placed at the focus of the convergent rays from a concave cathode. In 
this manner Crookes melted platinum and glass, and brought carbon 
wool to bright incandescence. The writer has made many exp«H- 
ments on this subject, usuig instead of the interrupted continuous 
oiurents employed by previous investigators, alternating electric 
currents, which appear to have many advantages for this purpose. 
At the Royal Institution, m February, 1898, the writer showed that 
very brilliant incandescence could be obtained for a short time in a 
small block of lime, placed in a suitably exhausted tube midway 
between two concave electrodes, connected to an alternating electric 
supply at about 6000 volts pressure, and in June, 1898, at the Royal 
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Society, ho oxhibitod in action a similar arrangement, but with the 
block of lime replaced by a flat plate of thorium oxide. In this case 
the concave electrodes were of such a curvature and were placed so far 
apiirt, that the two sides of the thorium plate in each case intersected 
the diverging cone of cathode rays. ITnder these conditions nearly a 
square inch of the thona surface on each side of the plate became 
highly incandescent, and a very powerful light was obtained for some 
minutes at a time, but only at a critical and highly unstable degree of 
vacuum. 

The wiiter has now applied this method to the investigation of the 
comparative luminosity of different mixtures of the rare earths 



One form of the tube employed was constructed as shown in the above 
figure, where C, C are two spherically concave discs of aluminium 1 126 
inches diameter, an<l 6 inches radius of curvature. These electrodes 
are placed about 7 inches apart, and were connected to the secondary 
terminals of a 10-inch Euhmkorff coil, the primary of which was 
supplied through a variable resistance, with alternating electric current 
at 100 volts pressure from the main. The tube was connected 
through a drying tube, containing phosphorus pentoxide, to a pair of 
Toepler pumps, and also to a McLeod gauge. 

The mantle M M to bo experimented upon, was mounted on a 
platinum wire frame and placed between the two electrodes, so that 
as the electric current alternated, and each electrode became in turn 
cathode, the mantle subjected on alternate sides to cathode ray 
bombardment. The curvature of the electrodes was such as to give 
almost parallel beams of cathode rays, so that a considerable ring 
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‘shaped, and slightly hollow, area on each side of the mantle was 
subjected to the rays, and could be brought to high incandescence. 

A preliminary experiment was made with a mantle of asbestos, 
powdeied over in patches with pure thorium oxide. With this it was 
found that at a suitable degree of exhaustion, the patches of thoria 
became brilliantly incandescent, with an intensity of cathode rays that 
made the asbestos barely red hot. 

Experiments were next made with mantles consisting entirely of 
thoria and ceria, both separately, and mixed in different proportions. 
These mantles were prcpaied in a similar manner to the Welsbach 
incandescent gas mantles, by saturating a carefully purified cotton 
fabric with ammonium nitrate of thorium and cenum, and then 
burning out the cotton Veiy thick and closely woven cotton lamp 
wick, freed from foreign matter by treatment with caustic soda, 
hydroehloiic acid, and ammonia, was employed m place of the thin 
fabric usually used, so that the resulting mantle after burning out the 
cotton, was very close in textuie, ami fully 0*2 inch thick. This was 
found necessary, as otherwise some of the cathode rays passed through 
the mantle and molted the opposite aluminium electrode 

In order to obtain accuiato comparisons l>etween pure oxides and 
different mixtures, the mantles were made in patchwork, each complete 
mantle l>eing made up of two or four sections, sepaiatoly impregnated 
with (iifiererit solutions, and then sewn together with impregnated 
cotton before being burnt 

The mantles wcie so mounted in the vacuum tube that the cathode 
rays impinged equally upon the portions that consisted of ditforent 
mixtures, so that an e(|ual amount of energy was imparted to each 
sample. 

With a compound mantle prepared in this way, composed one-half 
of pure thoiuim oxide, and the other half of a mixture of 99 per cent, 
thorium oxide plus 1 per cent, of cerium oxide, it was found after 
exhaustion that on staituig the cathode discharge the thoria plus ceria 
heated up to incandescence more rapidly, and, on stopping the dis¬ 
charge, cooled more lapidly than the pure thoria. Further, when at 
full incandescence and observed through a dark glass, the thoria plus 
oena was slightly more luminous than the pure thona, though the 
difference was very small, probably not more than 5 per cent. Owing 
to the difficulty of maintaining a constant vacuum, accurate photo- 
metrical measurements were not possible, but the amount of light 
under favourable conditions was roughly estimated at, at least, 150- 
candle power per square inch of incandescent surface, this lieing 
obtained with an expenditure of electrical energy in the secondary 
circuit at about 8,000 volts pressure of approximately 1 watt per 
candle. The amount of exhaustion suited to give the best results 
varied with the dimensions of the tube and the conditions mentioned 
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below, but was approximately about 0*00005 atmosphere, the maxi¬ 
mum luminosity being obtainetl when the dark spaces of the two 
cathodes just crossed at the centre of the bulb. Owing to the large 
amount of gas occluded by the mantle, a proper degree of permanent 
exhaustion was very difficult to arrive at, and reqiured continuous 
pumping for many hours with the cathode rays turned on at intervals. 
Even then the conditions of maximum lummosity were exceedingly 
unstable, owing to the fiu'thcr liberation of occluded gas on the one 
hand, and on the other to the rapid increase in the degree of exhaus¬ 
tion owing to absorption of the resulual gas by the electrodes That 
such absorption probably took place in the aluminium electrodes, and 
not in the mantle, was demonstrated by other experiments with a tube 
in w'hich there was no mantle, but only two electrodes of aluminium 
w'lre. 

After the cathode rays had been allowed to bomlwird the mantle for 
a short time, the latter was found to have become discoloured w’here 
bombarded. That portion which was composed of pure thona liecame 
dark blue, while the thona plus ccria became lirown. This effect, 
which appears to lie analogous to those observed by Goldstein w'ith 
hthiuiu tblonde and sodium chloinle,* seems to bo due to a partial 
reduction of the oxides by the cathode rays. The arlmission of a very 
minute quantity of air to the tube while the cathode rays are acting on 
the mantle, and the latter is in parts incandescent, causes the dis¬ 
coloration to (bsappear instantaneously on the incciiidescent, but not 
upon the cool jmrtions, prol>ably by ro-oxidation of the partially 
reduced oxides, while the cbscoloration also slowly vanishes in a day 
or two with the mantle cold if air at ordinary atmosphenc pressure is 
admitted to the tube. Hy continuing to Iximbard the mantle with 
catho<Io rays, and alternately allowing the vacuum to increase and 
letting in small quantities of air, the discoloration can be made to 
appear and to disappear over and over again as often as desired. At 
the moment of admitting the air, the amount of light was found 
momentarily to increase, this being probably due to the increased 
temperature due to the ro-oxidation of the partially reduced oxides. 

After repeating this process of letting in small quantities of air, and 
allowing them to be absorbed, several times, it was found that the 
degree of exhaustion which gave the maximum incandescence had 
altereil from 0*000047 to 0 000112 atmosphere, as measured by the 
McLoo<i gauge. {Similar effects were obtained with a tube containing 
no mantle, but only aluminium wire electrodes, the inference being 
that some change takes place in the residual gas which renders it less 
conducting. 

At a higher degree of exhaustion than that which produced incan¬ 
descence of the mantle, the pure thoria was found to fluoresce blue, 

• * Wied. Ann.,’ 189«, No. 54, p. 871. 
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and the thoria plus ceria with a yellowish light. The fluorescence in 
each case was much less bright when the oxides were white than when 
they had become discoloured by previous bombardment With very 
high exhaustions the thoria plus cona fluoresced the more brightly ^ at 
lower exhaustions the pure thoria gave the brighter fluorescence. 

On the suggestion of Mr. W Mackean, the tube was pumped up to 
a very high vacuum and oxygen admitted. A similar experiment was 
made with hydrogen, the tube being completely filled with the gas, 
and then pumped to the proper degree of exhaustion Though at low 
exhaustions these gases gave distinctive apjiearances to the discharge 
in the tube, no difference in the behaviour of the mantles with them 
and with air could he detected when once the vacuum reached the 
degree recpiirod for producing incandescence of the mantle. 

Further experiments were inmle with a similar tube containing a 
compound mantle made up of four sections, composed as follows — 
(1) pure ceria, (2) pure thoria, (3) 50 per cent, thoria 50 per cent, ceria, 
(4) 99 per cent, thoria 1 per cent, ceiia, 

With an intensity of cathode rays that gave a brilliant light with 
Nos. 2 and 4, Nos. 1 and 3 were found to give practically no light, 
becoming barely rod hot, while, as before, No 4 was found to give 
slightly more light than No 2, and to heat up more rapidly and cool 
more rapidly than the latter. 

These experiments show that thoria and ceria, both alone and mixed, 
behave quite differently when heated by cathode ray bombardment 
than when heated in a Bunsen flame In the latter, 99 per cent, 
thoria plus 1 per cent, ceria gives many times as much light as pure 
thoria alone, while, when incandesced by cathode rays of equal inten¬ 
sity, the difference, though in a similar diiection, is exceedingly small. 
Again, in the flame pure ceria gives just about the same amount of 
light as pure thoria, while with a given intensity of cathode ray bom¬ 
bardment thoria gives a bnlhant light, while cona gives practically- 
none. 

In arriving at any finally satisfactory theory of the lummescent pro¬ 
perties of the rare earths, these results with cathode rays, which differ 
materially from those obtained by other methods of heating, will 
require to be taken into account. 

I am indebted to the courtesy of the Welsbach Incandescent Oas 
Light Company for the samples of the rare earths with which the above 
investigations were made; also to the assistance of Mr. J. G. M. 
Stanton and Mr. Tyson Wolff in carrying out the experiments. 
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“ On the Electrical Conductivity of Flamos containing Salt 
Vapours.” 15y Harold A. Wilson, B.Sc. (Loud, and Vic.), 
1851 Exhibition Soliolar, Communicated by Professor J. J. 
Thomson, F.ll S. Received March 10,—Reatl April 27,1899. 

(Abstract.) 

The expenmoiits dobcnhed in this paper wore undertaken with the 
object of following up the analogy between the conductivity of salt 
vapours and that of Rontgenisod gases, and especially of getting some 
information about the velocities of the ions m the flame itself. 

They are to some extent a continuation of the research of which 
an abstract has already f)een published in the * Proceedings of the 
Royal Society.^* 

The paper is divided into the following sections:— 

(1) Description of the apparatus for producing the flame. 

(2) The relation between the current and E.M.F in the flame. 

(3) The fall of potential between the electrodes. 

(4) The ionisation of the sidt vapour 

(5) The relative velocities of the ions in the flame. 

(6) The relative velocities of the ions in hot air. 

(7) Conclusion. 

The apparatus used for producing the flame was similar in principle 
to that used ui the investigation referred to above. Carefully regu¬ 
lated supplies of coiil gas and air were mixed together along with spray 
of a salt solution, and the mixture burnt from a brass tube 0*7 cm. in 
diameter. « 

The flame thus obtained was steady, and measuromonta of its con¬ 
ductivity, when a particular salt solution was sprayed, did not differ 
more tlian 1 or 2 per cent, on different days. The height of the inner 
sharply defined green cone was 1*5 cm., and that of the outer cone 
7-5 cm. 

The current between two gauzes of platinum wire, each 14 cm. in 
diameter, and placed horizontally one above the other m the flame, was 
measured for E.M.F's up to 800 volts, and with various distances 
between the gauzes. 

The current with a large E.M.F. was found to be independent of the 
distance between the electrodes when the upper electrode or gauze 
was positively charged, provided that the distance between the elec¬ 
trodes was not so great that the upper one was in the cooler parts of 
the flame near its point. When the upper gauze was comparatively 

* “ The Eleefcrioal Oonductmtj and Luminoiity of Flames ooDtaining Taporised 
Salts," bj Arthur Smitlhells, H. M. Dawion, and H. A. Wilson, ' Roy. Soo. Proo ,* 
rol. 64, p. 142. 
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cool the current was much smaller, but if the upper gauze was kept 
hot by passing a current through it, then the current with a large 
E.M.F. was independent of the distance between the electrodes, oven 
when the upper electrode was above the point of the flame 

If both of the electrodes were hot, then the current, as the E.M.F. 
was increased, attained a nearly constartt value. Cooling the positive 
electrode by taising it in the flame caused the current to increase 
towards this saturation value much more slowly than befoi'e, while 
cooling the negative electrode, the positive one lieing hot, caused the 
current to show no sign of arnviiig at a maximum*value. The current 
was much greater when the negative electrode was hot, and the positive 
electrode cool, than when the negative electrode was cool, and the 
positive one hot 

The fall of potential in the flame hetu^eoii the gauzes was examined 
by putting in an insulated platinum wire, anrl finding the potential it 
took up. When both the electrodes were hot, the fall of potential 
closely resembled that observed in gases at low pressures^ That is to say, 
near ouch electroclo there v> as a comjiiiratively sudden fall of potential 
much greater near the negative electrode than near the positive, with 
a small and nearly uniform gradient in lietweon. If either of the 
electrodes was cooled, then the fall of potential near that electrode 
became much greater, and often was neai ly equal to the total drop of 
potential between the electrodes This effect was usually much more 
marked in the case of couhng the negative electrorlo than with the 
positive electrode. 

If the positive electrode was uppermost and somewhat cool, then 
with small E.M.F.’s practically all the potential fall occurred near to 
the positive electrode; but if the E.M.F. was sufliciently increased, 
then a drop of potential appeared at the negative electrode, and with 
a still greater E.M.F. this became greater than that at the positive 
electrode, as it is in gases at low pressures. 

Some of the results obtaine<i pointer! to the conclusion that nearly 
all the ionisation of the salt vapour takes place at the surfaces of the 
glowing electrodes, and not throughout the volume of the flame. A 
variety of experiments were tried to test this view, all of which con¬ 
firmed its correctness. Thus, with two platinum foil electrodes oppoeite 
one another in the flame, no increase in the current between them 
occurred when a bead of salt was put between them, so that the salt 
vapour from it passed between them without touching either electrode. 
If the vapour came in contact with the negative electrofle, there was 
a great increase in the current, and a considerable but smaller increase 
when it came in contact with the positive electrode. 

The relative velocities of the ions of alkali metal salts in the flame 
were estimated by finding the potential gradient necessary to make the 
ions travel down the flame against the upward current of gases. 
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This was done by putting a bead of salt between the two gauze 
electrodes, and fining what E.M F. was necessary to produce an 
increase in the current between the electrodes when the bead was 
put in. 

The potential gradient corresponding to this least E M.F. was then 
determined. In this way it found that the positive ions of salts 
of Li, Na, K, Rb, and Cs, all have nearly the same velocity in the 
flame, whilst the negative ions of varioub salts of those metals also 
have equal velocities which are about seventeen times as great as the 
velocities of the positive ions. 

The velocity of the positive ions was estimated to be about 60 cm. 
per second for one volt a cm., and that of the negative ions was about 
1000 cm per second. 

The lelative velocities of the ions of various salts was also deter¬ 
mined in a current of air at alx>ut 1000“ C., which was obtained by 
passing the air through a platinum tube 1*3 cm. m diameter, and 50 
cm. long, heated in a gas-tube furnace The method used was exactly 
analogous to that used in the flame. The ions could be divided into 
three classes, in each of which all the ions had equal velocities, viz.:— 

Velocity. 

1 . Negative ions of salts of Li, Na, K, Bb, Cs, Ca, Sr, 

and Ba. . 26*0 cm.-sec. 

2 . Positive ions of salts of Li, Na, K, lib, and Cs 7*2 „ 

3. Positive ions of salts of Ca, Sr, and Bit . . . 3 8 „ 

It thus appears that those ions which in solutions carry equal 
charges have equal velocities in the gaseous state. This points to the 
conclusion that the velocity of a gaseous ion in a given medium de¬ 
pends only on its charge. The velocities are less than those calculated 
for ions consisting of one atom, so that each ion appears to be a cluster 
of atoms If we regard this cluster as held together by the charge on 
it, then It IS reasonable to suppose that the size of the cluster will be 
determined by the charge. Hence those ions having equal charges 
will lie of equal sizes, and consequently of equal masses, since the 
atoms forming the cluster probably come from the medium rather 
than from the small quantity of salt present. Consequently they all 
have the same velocity under similar conditions. 

The two main results arrived at in this paper, viz., that the ionisa¬ 
tion of the salt vapour in the flame takes place only at the surfaces of 
the glowing eiectrotles, and that the velocity of the negative ions in 
the flame is very much greater than the corresponding velocity of the 
positive ions, epablo the phenomena of unipolar conduction to be very 
easily explained^ For example, if one electrode is much hotter than 
the other, then H the hot electrode is negative, it will give off negative 
ions very freely, and there will be a large current; but if the hot 
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electrode is positive, then the small velocity of the positive ions is not 
favourable to their being dragged away from the electrode before they 
can recombine, so that the current is very small imless a very great 
E.M,F. is applied. 


“ On a Quartz-thread (Gravity Balance.” By lliciURD Thkklfall, 
lately Professor of Pliysics jn the University of Sydney, and 
James Akthitk Pollock, lately Demonstrator of Physics in 
the University of Sydney (^)inniuni(*,ated by lYofossor J. J, 
Thomson, FP.S. Koceived Apiil II—Bead April 27, 1899. 

(Abstract.) 

The first part of the paper cont.«n3 an account of the iusirument in 
its present form, an account of the investigations leading up to the 
form adopted >>eing rolegatoil to an appendix. 

The principle of construction is as follows:—A quartz thread 
(which requires to be pie|)ared with much care) is stretched horizon¬ 
tally i>etween two supports, to which it is soldered At one end the 
point of attachment is the centre of a spnng of peculiar conatniction, 
designed so as to bo capable of displacement in the direction of the 
thread, but incapable of any transverse motion or vibration 

At the other end the thread is attached to the axle of a vernier arm 
moving over a sextant arc ^ by turning the axle the thread may be 
more or less twisted, the amount of twist lienig ascertained in terms of 
the divisions of the sextant arc 

Midway between the two supports the thread is soldered to a short 
length of fine braso wire, which is adjusted so that the centre of 
gravity of the wire does not he immediately above or lielow the thread, 
but at some distance from it The wire forming the “ lever ” is then 
rotated about the thread as axis in such a manner that the two halves 
of the thread are twisted through alniut three whole turns, and the 
torsion of the thread is then of such a v alue that the lever assumes a 
horizontal position. This ailjustment is made by weighting the lever 
with a small speck of fusible metal. The “ balance,” which determines 
the position of the lever with respect to the horizontal plane through 
the thread, is composed of the earth’s gravitational force on the one 
hand, and the forces of resilience of the twisted thread on the other. 
Were gravitational force to increase, the centre of gravity of the lever 
would fall, the end of the lever would move out of its sighted posi¬ 
tion, and the thread would have to be slightly twisted by the vernier 
wde in order to bring the lever back to its sighted position. 

Differences in the gravitational intensity at different stations are 
expressed in terms of the amount by which one end of the thiead 
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has to be twisted or untwisted to bring the lever to its sighted 
position. 

In carrying out the construction of the instrument on the principle 
thus explained the following conditions have to lie fuifillod:— 

The instrument must })e portable, and must be able to withstand 
the rough usage inseparable from travelling, without being put out of 
adjustment. It must have a sensitiveness of at least one part in 
100,000 of the value of “ g,” a change in the value of “g” 
amounting to one part in 100,000 must be shown by the balance. 

These conditions have been satisfiod in the following manner :—The 
thread supports form part of a girder mechanism which is itself con¬ 
tain e< I in a thermally insulated tube. During transport the lever is 
arrested by a mechanism which clamps it with a definite pressure in a 
definite position. The end of the lever is observed by a microscope 
which IS always brought into the same relative position with respect to 
the horizontal plane through the thread by moans of sensitive striding 
levels It is shown as a consequence of the mechanical conditions 
that tlio lever will bo in unstable equilibrium when its centre of 
gravity rises above the horizontal plane through the thread by aliout 
3" Consoquently the accuracy with which the lever can bo brought 
to Its sighted position is very great, for the position selected as the 
sighted position is within a small fraction of a degree of the position of 
instability. 

As it is necessary either to keep the balance in an atmosphere of con¬ 
stant density or to correct the observations for changes in the barome¬ 
trical pressure, the former course was decided upon, and consequently 
the instrument is contained in an air-tight space. This involves working 
the vernier axle through a stuffing box which must be practically fric¬ 
tion less, a condition satisfied by a sort of mercury sealing. 

The difficulty in making the apparatus arises from the fact that 
quartz fibres, though infinitely better than any other material, are not 
really sufficiently perfect in their elastic properties for the present pur¬ 
pose, and it is only by a judicious Imlancing of advantages that it is 
possible to arrive at the necessary sensitiveness. Even after two years^ 
twisting the thread of the instmment still undergoes a continual, 
though small, viscous deformation, this, however, becomes sensibly 
constant, and can be allowed for. 

A further complication arises from the fact that os the temperature 
rises the quartz becomes stiflor, so that at a given station the circle 
readings are a function of the temperature. We have found that the 
relation between the circle reading and the platinum temperature is a 
linear one at ordinary temperatures. 

An essential feature of the apparatus, therefore, is a platinum wire 
thermometer placed alongside the thread. 

The following statement shows concisely the effect on a detenni- 
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nation of gravity of the various observational errors which are 
possible. TTie instniment of course only refers differences of gravity 
to a known difference. The results are expressed in round numljcrs, 
gravity being taken at its value m the latitude of Sydney. 

Our temperature obhorvatioris may bo inconsistent by at most one- 
hundredth of a ceutigrwle degree ; this would correspond to an uncer¬ 
tainty of one part m 700,000 in the value of “ g.” 

The accuracy with which the microscope can }>o set on the lever is 
much greater than the accuracy of reading the sexttant arc. If our 
estimate of the latter is wrong by 5" the resulting value of ‘‘g” is 
affectoil to the extent of one part in 1,.300,000. 

The errors of levelling may amount to one part in 700,000 in the 
value of “ g.” This gives a possible maximum uncertainty of one part 
in 300,000 in the value of g ” The daily rate of the instrument does 
not introduce an uncertainty of anything like the amounts mentioned 
above, and can in any case be eliminated l»y oliserving alternately at 
two stations, the difference in the value of gravity between them being 
the subject of obseivatum 

Ohtye\miimK —Two observers are rctjuireil, one for the balance and 
one at the thermometer resistance box. 

It is only possililo to observe with siifhciont accuracy when the tem¬ 
perature is nearly steady; wo always ol^serve therefore at a lime when 
the temperature passes through a maximum or a nuiiimum value. 
With the instrument as constructed of various metals it is also neces¬ 
sary to avoid observing too soon after any great and sudden variation 
of temperature. 

Jom net/s —We have travelled with the balance from Sydney to Mel¬ 
bourne by tram, from Melbourne to Hobart by steamer, from Hobart 
to Launceston (in Tasmania) by train, back to Melbourne by steamer, 
and to Sydney by train. Wc have also made many less extended 
journeys in New South Wales, having travelled over more than 6000 
miles with the instrument. 

Most of these journeys Iwl to our making improvements in the 
instrument, and therefore are not to be regarded its forming surveys. 

If, however, a consistency of one part in 60,000 in the \ alue of “ g 
be considered satisfactory, then the Tasmanian stations may be consi¬ 
dered as surveyed, and the values <issigiied to giavity at those stations 
to be referred to the Melbourne-Sydney difference. Since this journey 
was undertaken the instrument has l^eon so much improved in detail 
that we do not discuss its results from a gravitational point of view. 

We have, however, mode three teat journeys between Sydney and 
Hornsby in New South Wales under proper conditions, and the result 
of these observations shows that at Hornsby the thread has to be 
untwisted at one end by the following amounts as referred to the 
Taading at Sydney;— 
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Journey 1. Moan of Sydney—Homaby and Homaby—Sydney. 

DifTerence 18*5 sextant minutes. 

Journey 2. Mean of Sydney—Homaby and Hornsby—Sydney. 

Difference 18*1 sextant minutes. 

Joimiey 3.—Moan of Sydney—Homaby and Hornsby—Sydney. 

Difference 18 1 sextant minutes. 

The maximum difference is thus 0*4 sextant minute, and corresponds 
to an uncertainty in the value to bo assigned to the acceleration of 
gravity at Hornsby as compared with that at Sydney taken as known 
of one part in 500,000. This we believe to fairly represent the accu¬ 
racy attainable l»y the instnimoiit in actual field work. It is about 
double of the outside a(!curacy attainable by invariable pendulums, not 
connected by telegraph, and the oliservation takes about half an hour, 
but the time depends on the time required for the temperature to 
become steady The observationa quoted took about three hours each. 
Packing and unpacking takes about an hour and a half, and the actual 
observing about five minutes, but the temperature must be watchoil to 
the maxinnun or minimum before the observations begin. 

The weight of the instrument and of appliances taken directly from 
the laboratory and packed in strong boxes is 226 lbs , by making 
special appliances with a view to lightness this weight might ho reduced 
to one-half. 

The paper is illustrated by working drawings, &c. 


“ Data for the Problem of Evolution in Man. I. A First Study 
of the Variability and (Correlation of the Hand." By Miss 
M. A. Whiteley, B Sc., and Karl Pearson, F,K.S. Eeceived 
April 6,—Read April 27, 1899. 

1 In a more purely theoretical discussion of the influence of natural 
selection on the variability and correlation of species, which one of the 
present writers hopes shortly to publish, a number of theorems are 
proved which it is desirable to illustrate numerically. But the quanti¬ 
tative measures of the variability and correlation hitherto published 
are comparatively few in number, especially when, as in the present 
case, we desire to have their values for a number of local races of the 
same species. When we have once realised that neither variability nor 
correlation are constant for local races but are modiflod in a determi¬ 
nate manner by natural selection, and further that their differences are 
the sure key to^ the problem of how selection has differentiated local 
races, then the importance of putting on record all the quantitative 
measures we can possibly ascertain of variability and correlation 
becomes apparent. For some five years past various members of the 
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Department of Applied Mathematics in University College, London, 
have, so far as their other work allowed, been collecting and reducing 
data concerning the variability and correlation of different organs and 
characters in man. So far as variability is concerned, 160 cases of 
organs in divers races of man were worked out by Miss Alice Leo, Mr. 
G. U. Yule, and one of the present writers some years ago,* ** and since 
then the more laborious task of measuring the correlation of characters 
and organs in man has been going steadily forward, until at the present 
time a considerable mass of material is reduced and ready for publica¬ 
tion The present senes of short papers is intended to cover this 
ground. It will simply state the numoncal results reached and any 
obvious conclusions to be ilrawn from them, leaving to a later date the 
consideration of the material as a whole, and in particular its bearing 
on the general problem of evolution and the relationship of local races 
of man. 

2 . This first study deals only with one character of the hand in one 
sex and one race. A wider range of material on the skeleton of the 
hand in another local race is already being (lealt with. But while the 
con elation of the anatomically simple pints of the hand is of very 
great importance, it docs not follow that the complex members of the 
living hand may not bo equally, or even more, higmficant when wo have 
to deal with fitness for the struggle for existence. So far as we have 
been able to ascertain, although much has ))een written as to the fitness 
of the hand for its tasks, no attempt has ever been made to ascertain 
quantitatively the degree of correlation of its parts.t Hence our 
first object was to get some idea of the correlation of the parts of the 
hand from an easily measured and in practice important part Is the 
hand as highly correlated as the long bones, or as loosely correlated as 
the parts of the skull, or does it occupy some intermediate position like 
that of strength to stature ? Wo acconliugly selected as an easily 
measured but still important character the first joint of the fingers. 
The meaeuremont therefore covers, besides the fleshy parts, the head of 
the metacarpal bone together with the proximal phalange. It is thus 
not anatomically simple, but it probably has much importance for the 
fitness of the hand, and is a measurement which with a little care can 
be made with considerable accuracy. Our measurements were taken 
with a small boxwood spanner graduated to 1/10 inch, and provided 

* A diagrsm wai exhibited at a soirtSe of the Boj^al Sooiety three year# ago, and 
we shall be glad to send a photograph of that diagram to any one working at the 
problem of variation. The data without the diagram are published in a paper ou 

** Variation in Man and Woman." ‘ The Chance* of Death,’ toI. 1, pp. 266—1977. 

t Here, as in other oases, both zoologists and auatomute have since the days of 
OnTier, talked a good deal about oorreiation, but wotild eren to-day be unable to 
reconstruot, with anything like quant\tat%ti$ accuracy, a skeleton fiw a long bone, 
e hand from a finger*joint, or a skull from a fmgment. 
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with a vernier, so that the readings could bo nominally made to 
1/100 inch. Both the hands of 551 women wore measured. At first it 
was proposed to include only those of more than 20 years of age, but 
no sensible difference was found for the means of those between 18 
and 20, and accorfhngly some sixty or more between these years 
were ineludod in the final results. While more than a moiety of the 
measurements and netarly all the labonous arithmetical reductions were 
made by t)ne of us. Miss M A. Whitoley, we owe measurements on 
the students of University, Girton, Nownham, and Westfield Colleges 
to the energetic assistance of Miss Dorothy Marshall, B.Sr, and a 
further mnoty sots, principally from the students of Bedford College, 
to Miss E<lith Humphrey, B.Sc , to both of whom we wish to acknow¬ 
ledge our great indebtedness. 

In the tabulation of results the grouping was done to 1/20 inch, and 
the meiins, standard ileviations, coefficients of variation, and coefficients 
of correlation, together with their probable errors, calculated by the 
processes and formuloo already fully described in papers of the series 
“ Mathematical Contributions to the Theory of Evolution,” by one of 
the present writers. Pianists were specially noted on the data cards, 
but their numbers did not seem sufficiently largo to justify any con¬ 
clusions as to the effect of use on variability and correlation—a subject 
which deserves very careful and special investigation.* 

The following notation is used :— 


Ri 


first joint of 

right-hand index finger. 

Rii 



„ middle 

»» 

Riii 


»> 

„ nng 


Riv 

=. 


„ little 

ft 

Li 

= 

]? 

left-hand index 


Lii 


n 

„ middle 

i> 

Liii 


»» 

» ring 


L iv 



„ little 

ft 


3. Relative. Size of the Hands .—Turning first to the absolute dimen¬ 
sions of those joints we have, the measurements being in inches :— 


Table 1.—Lengths of First Joints of Fingers. 


K 

i. 2-2482 ± 0*0030 

ii. 2*3879 ± 0 0033 

iii. 2*2108 ± 0*0031 

iv. 1*8427 ± 0*0028 


L. 

2*2252 ± 0*0031 
2*3667 ± 0*0033 
2*1878 ± 0-0031 
1 8197 ± 0*0028 


* What effect itaay particular tradee or forms of exercise have in modifying the 
variability of the limbs used and their correlation to other limbs ? The relative 
importance of use ud of selection in determining the ournmt valnei of variability 
and correlation wil\ one day require very careful investigation. 
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We conclude at once that those joints in the nght hand «aro very 
sensibly larger than in the left. In every cose there is a lUiference of 
about 0*02, and this is many times larger than the probfi))lo eiror of 
the difference, i.e., x 0-003 about. 

We might, therefore, conchulo that the right hand is larger than the 
left. This conclusion is directly opposed to that of W. l^tzncr / he 
jissorts that there is no quantiUtive difference lietwecn right and left 
lor the simple anatomical jiarts of the hand skeleton. His own 
iiioasurements, however, really do show such a sensible difference foi* 
the phalange. All then we assert at present is that the first joint 
and the first phalange are larger hi the right than in the left liand of 
Avomen. We prefer to state no more sweeping view at present as U* 
other parte of the hand, however strong our private opinion may lie. 

4. VatiaUHttf of tlie Jftf/ftL —The following are the numerical results 


reached; 

Ki. 

T;il)lc II 

Standard deviation. 
010 .1.5 ±0-0021 

C'oefiirient of variation. 

I-G945 + 0 09O4 


Rii 

0 1133±0 0023 

4-7432 ±0 0964 


Kiii 

.. 0 1091+0*0022 

4-9345 ±0-0100 


Eiv 

0 0986 ± 0-0020 

5-3537 ±0 0109 


Li. 

.. 0-1088 ±0 0022 

4-H917 ±0*0994 


Lii 

0 1137 ±0-0023 

4 «033± 0-0976 


Liii 

. . . 0-1082 ±0-0022 

4-9 ±0-0101 


Liv 

0-0975 ± 00020 

5-3614 ±00109 

If wo 

were 

to judge by nlmhife v'ariatioiis the index and middle 

fingers i 

of tho right hand are less, the 

ring and little fingers more 

variable 

than 

those of the left hand 

But if we use the more 


reasonable coefficiont of variation, we boo that all the first joints for 
the left hand are more variable than the corresponding joints foi the 
nght hand, and this is precisely what wc might expect if there Ixj 
greater adaptation by selection, or by use of the nght h.ind. The 
greater the selection, the less the variability. 

In the left hand the relative order of variability (as me*wurecl by 
the coefficient of variation) is that of the relative sue of the fingers ; 
ill the right hand this is slightly modified.t The work has lieen caie- 

* Br. Ctuitav Schwalbe's * Morphologische Arbeiten *; W. Pfltzner, * Bns 
Mensohliohe Kxtremitatenskelet,' Bd, I, pp. and Bd. II, pp. 00—106, 

1892 and 1893. 

t The diTorgence is not one on wliich real stress oan be laid uoiuidenng the 
pcobable error of the coefficient of \ariation. The hand con Arms %bat we have 
already laanit from the long bones (*Roj. Soe. Froo.,' Vol. 61, pp 347—348), 
that A per oent. closely measures the rariabihty of the chief parte of the human 
body. 

VOI^ LXV, 
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least correlation, and the pair of middle Angel's higher corrolation than 
the pair of ring Angers. 

Dr, Warren* has been the first to consider the correlation of cor¬ 
responding right and left parts He gives for ? series of Kaqada 
bones — 

K and L femur 0 9618 ± 0 0045 

H and L tibia 0*9505 ± 0*0047 

M and L humerus 0*9643 ± 0*0047 

R and L radius . . 0 9322 ± 0*0124 

Hence we are compelled to conclude that the correlation between cor¬ 
responding long bones (with the possible exception of that of the 
r,will, which is within the prolmblo eiror of the value for the middle 
fingers) is gi'cator than that beti\een corresponding parts of the two 
hands. 

6. Inder Cmrelatwvs, —One of the present writers has previously 
expressed doubts of the validity of using index correlations as a 
measure of organic correlatiou.t At the same time it may not be 
without value to put on lecoid the conelations between the finger 
joints expressed m terms of the first little finger joint as unit. 

There are two methods of obtaining index correlations, either 
directly by forming the actual ratios and then grouping them in cor¬ 
relation tables, or indirectly from the variations and correlations of the 
alisoluto quantities by means of the formulae given in the memoir citoil 
in the footnote. The latter is by far the easier process, but it neglects 
what are usually small quantities of the third order. In order to 
justify the use of the latter method, the values of the constants for 
iu = Ri/Riv and ij4 = Ru/Riv were foimd by both methods. They 
gave the following rcsultH, -14, l'_i4 being the standard deviations of 
the indices, \u> V24 the ccxsfficients of variation, and /> the coefficient 
of correlation. 

Table V. 


1 

Directly. 

By correlation table. 

IndireotW. 

By formula. 

Difference. 

i|4 

1*2216 

1*2210 

+ 0*0006 


1 *8970 

1*2968 

+0*0002 

^14 

0*0868 

0-0879 

-0*0011 


0*0889 

0*0395 

-0 0006 

^4 

3*0007 

8 *1018 

-0 0916 

Vm 

3*0084 

3*0487 

-0*0453 

P 

0*7888 

0 7681 

-0*0243 


• * Fhil. Trans.,’ B, vol. 189, p. 17a 
t ' Boy. 000. Proo.,’ vol. 00, pp. 488—498. 
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It will be aeon at once that the means and standard deviations 
obtained by the two methods are very close, but that in the cooihcients 
of variation and correlation there may be a difference of some 3 per 
cent. Sensible as this is, its amount did not seem to justify the 
immense additional labour of index correlation tables—until at any 
rate the biologists have shown what possible use can be made of index 
correlations for o)*ganic relationship. 

The following results were obtainod — 



Trtl.lo VI 


Tudex 

Menu vftliH* 

8tttiKlunl deviation. 

R i/R IV 

i 1 2210 

0 03787 

K iijli IV 

. 1*2068 

1 0 *a3954 

R iii/R iv^ 

1 2001 

0 *03270 

L i/L ir 

1 -22.^8 

0 03799 

L ii/L IV 

1 aou; 

0 04001 

L iii/L IV 

1 2020 

0 03180 


It would thus appear that the indices fur the left hand aie all 
larger than for the right, or llie indcv, middle and ling fingers 
relatively larger with respect to the little huger in the left than the 
right hand. On the whole the Aanalulity of the right hand still 
appears less than that of the left, i /', two cases against one. 

Turning to correlation, the following \ allies were found — 


Table VII.—Total Correlations of Indices 


I Bi/Riv 

I Rii/Riv 
Riii/Bir 


Ri/Riv 

Rii/K IV 

Biii/R IV 

h 1, L" 

1 _ 

Ln Lir 

L ii Ij IV. 

1 

0*7631 

0*0632 

0 7031 

1 

0*7810 

0 0632 

0 *7310 

1 

1 

: 1 

1 0 7774 

1 0 6687 1 

0-7774 

1 

0 7690 

0-6687 

0-7690 

1 


Li/Liv 

Lu/Liv 

Liii/Liy 


Here, but not so decisively as m the case of alwoluto magnitudes, 
the loft hand exhibits higher correlation. This higher correlation 
becomes absolutely decisive, howc\er, if wo consider the spurious cor¬ 
relations given below. 


Table VIII.—Spunous Correlations of Indices. 



Ri/Riv. 

Rii/Biv. 

Biii/Kiv 

Li/Liv. 

Lii/Liv. 

Liii/Liv. 


Ri/Riv 

Bii/Eiv 

Riit/Biv 

1 

0-6628 

0-6629 

0*6628 

1 

0*6604 

0*6529 

0*6604 

1 

1 

0*6502 

0*6429 

0*6602 

1 

0 5473 

0*6429 

0*6473 

1 

Li/Liv 

Lu/Liv 

Liii/Liv 
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In every case the right hand exhibits more ifuriam correlation than 
the left, and unr previous conclnsion is thus thoroughly confirmed, 
the left hand exhibits higher organic correlation of its imrts tlian the 
right. How 18 this to bo explained I It is all important that further 
researches should determine whether it is selection or use which 
(biicrcntiatcs the two hands. It would be hardly possible to find a 
sufficiently large group of left-hauded persons to mark how far varia¬ 
tion and correlation a ere modified; but measurements on the hands 
of children, of the educated and luiodiicatcd, and of workmen following 
particul.li trades might possibly throw light on the extent to which use 
modifies correlation. 

Wo append the correlatH)n tables giving the d.itii upon whnh otti 
iiumericid v.diic'' .ire lu'od 
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Miss M. A. Whiteley and Prof. Karl Pearson. 
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XVII.—Ratios of Index and Middle Finger to Little Finger. 
Right hand (Ri/Rir and Rii/Riv). 
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List of OandidaUo rtcommended for EleUicn, 


May 4, 1899. 

The LORD LISTER, F.R.C.S., D.C.L., President, in the Chair. 

A List of the Presents received was laid on the table, and thanks 
jordered for thorn. 


In pursuance of the Statutes, the names of the Candidates recom¬ 
mended for election into the Society were road, as follows:— 


Barrett, Professor William. 

Booth, Charles, D Sc. 

Bruce, David, Major R A M.C. 
Fenton, Henry John Ilorstman, 
M.A. 

Gamble, James Sykes, M.A. 
Hiiddon, Professor Alfred Coit, 
M.A. 

Head, Henry, M.D. 

Hole-Shaw, Professor Henry Selby, 
M.Tn6t.C.E. 


Morgan, Professor Conwy Lloyd, 
FG.S. 

Reid, Clement, F.Q.S. 

Starling, Ernest Henry, M.D. 
Tanner, Professor Henry William 
Lloyd, M.A. 

Threlfall, Richard, M.A. 

Tutton, Alfred E., B Sc. 

Wmdlo, Professor Bertram Coghdl 
Allen, M.D. 


The following Papers wore read;— 

I, “ Photographic Researches on Phosphorescent Spectra.” By Sir 
W. Crookes, F.K.S. 

IT. “ On the Chemical Classification of the Stars.” By Sir Norman 
Lockyeu, K.C.B., F.K.S. 

III. “On the Presence of two Venniform Nuclei in the Fertilised 

Embryo-sac of Ltltum Mmiaymi'* By Miss E. Saiuiant. 
Communicated by Dr. D. II. ^^OTT, F.R S. 

IV. “ Onytfeim equina (Willd ): a Horn-destroying Fungus.” By 

Professor H. Marhiiali- Ward, F.R.S. 

V. “ Impact with a Liquid Surface, studied by the aid of Instan¬ 
taneous Photography. Paper II.” By Professor Worth- 
iNO'roN, F.R.S., and R. C. Cole. 

VI. “ The external Features in the Development of IjGpidomen para- 
dom (Fitz.).” By J. G. Kbrr. Communicated by A. 

SEDOWfCK, F.RS. 

1 

VII. “ An Obw^ation on Inheritance in Parthenogenesis.” By Dr. £. 
WAnREN. Communicated by Professor Weldon, F.Ii.S. 
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Impact with a Liquid Surface, 

YIII. “The Thermal Expansion of Pure Nickel and Cobalt.” By 
A. E. Tutton, B Sc. Communicated by Profosaor Tilden, 
, F.RS. 

The Society adjourned over Ascension Day to Thiu’sday, May 18. 


“ Impact with a Lniuid Surface, studied by tlve aid of Instanta¬ 
neous Photography Pai)er II.” By A. M. Worthington, 
M.A, F.R.S, and R. S. Cole, MA. Received March 21,— 
Read May 4, 1899. 

(Abstract.) 

This paper ia a continuation of a paper under a simiLar title, publishe<I 
in the * Philosophical Transactions,* A, vol 189, 1897. 

It was there shown that between the splash of a rough and that of a 
polished sphere falling the same distimcc into water, there is a remark¬ 
able difference from the first moment of contact. The causes of this 
<lifferenco are now investigated. 

The configuration of the water siuface below the general level, when 
a rough sphere enters, is first studieil by instantaneous photography, 
an<l the origin is traced of the bublde that follows in the wake of the 
sphere and of the emergent jet which follows its ihsappearance. The 
depression or crater formed round the entering sphere is surprisingly 
deep. This cavity segments, the lower part following as a bubble in 
the wake of the sphere, while the upper part fills up by the influx of 
surrounding water, which gathers velocity as it converges towards the 
axis of the disturbance, and so produces the upward spurt of the jet. 

Experiments are described in which some idea of the actual dis¬ 
placements in the liquid has been obtained by letting the sphere 
descend between two vertical slowly ascending streams of minute 
bubbles liberated by electrolysis from two pointed electrodes. 

It is found that with a gradual increase in the height of fall of a 
well-polished sphere, the splash changes in character, and that the 
sphere soon begins to take down air. But the height at which this is 
first noticeable is largely dependent on minute differences in the con¬ 
dition of the surface, and even on its temperature. It was further 
found that dropping a smooth sphere through a flame, under certain 
conditions, invariably alters entirely the course of the splash. This 
action of the flame is proved to be no action of electrical discharge, 
and reasons are given for attributing it to the burning off of fine dust 
which has collected on the surface during the fall. 

The influence of dust was proved by dusting one side only of a 
polished sphere, a proceeding which always results in completely 
chan^ng the character of the splash on the dusted side. 
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Dr. E. Warren. 


A satisfactory general explanation of all the phenomena is found in 
the view that with a smooth sphere, cohesion is operative in guiding 
the advancing edge of the liquid sheath which rises over and closely 
envelops the sphere. If the surface is not rigid {e.g.^ is dusty), or is 
rough, then the momentiun of the sheath carries it, once for all, away 
from the surface of the sphere, and the subsequent motion is quite 
ilifToreut. The persistence of the remarkable radial nbs or iiutings 
observable in the film that ensheathes a smooth entering sphere is 
completely explained by the fissumption of a viscous drag spreading 
from the surface of the sphere outwards, and these flutings are always 
absent from any part of the sheath that has left the sphere. Their 
presence is an indication that there is no finite slip at the solid 
surface. 

Experiments made with water mixed with glycerine show that, up 
to a certain point, the character of the disturbance is but slightly 
affected by large changes in viscosity. With pure glycerine, however, 
a thin film of water absorbed from the atmosphere equivalent to a 
layer mm, thick, was found completely to change the course of a 
splash, a striking proof of the importance of the initial motion m 
determining that which is to follow. 

Expenmenta conducted %n mnw prove that the presence of the air 
has no noticeable influence on the early courso of a splash, but that its 
pressure subsequently prevents cavitation of the liquid under what 
would otherwise be negative pressures. 

The paper concludes with a rofcroiico to the remarkable similarity 
between the splash at the surface of a liquid and that caused at the 
surface of a hard<steel armour-plate by the impact of a projectile, and 
with the suggestion that the explanation may be found in the argument 
of Poynting,* which demands an increase of molecular mobility with 
increase of pressure. 


An Observation on Inheritance in Tarthenogenesis.” By Ernest 
Warren, D.Sc., University College, London. Communicated 
by Professor W. F. R. Weldon, F.RS, Received March 22, 
—Bead May 4, 1899. 

On certain theoretical grounds it has been supposed by Weismann 
that of&pnng produced by parthenogenesis exhibit little or no vari¬ 
ability. To determine how far this conclusion was warranted by fact, 
some measurements wore made on Daphnia magna (Straus).t 

* Pointing, “ Change of State, Solid-Liquid,'* * Phil. Mag.,* July, 1881; mo 
also two very imj^rtaiit papers by Tresoa on the “ Flow of Solids,** * Prooeedinga 
of Institution of itohanioal Engineers,' June, 1887, and June, 1878. 

t The measnrei^nta were made under the mioroecope with Zeisi’a screw* 
miorometer. 
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An ObBervation on ParthenogenedB, 

The dimensions takeii were :— 

(1) The total length of the Wy measured along a line passing ventrally 
from the base of the spine and cutting the convex surface of the heiid 
opposite the middle of the compound eye (AB, see figure) 



(2) The Imgih of the protopothie of the 2nd antonnii of the right side. 
The measurement was made on the jiostorior surface of the proto- 
podite along a line parallel to the dorsal edge At the articulation 
with the head the exo-skoloton of the protopcxlite possesses a well 
flcfiiied point, which forma a good inner limit to the measurement 
(CD). 

Since, under favourable conditions, these animals continue to grow 


Ihioughout life, the second dimension was expressed in terms of the 

first, thus R. protopodite ^ 

Total length of body 

The moan of the relative length of the piotopodite sinks as the 


animal grows, but l>etween a body length of 2*4 mm. and 3*6 mm. (the 
total range of size) the change would not be large. I find that at the 
time of measurement the offspring were constantly somewhat smaller 


(0*4 to 0*5 mm.) than the parents, but as this applies to all the broods 
which were measured, the rise in the mean of the offspring would not 
affect the correlation surface. 


From twenty-three Daphnia (themselves originating by partheno¬ 
genesis) broods were produced consisting of three to six individuals. 
The parents were measured, and the offspring wore allowed to grow up. 
(>n measuring the offspring it was at once obvious that the children of 
the same brood exhibited very considerable variability. 

In the following table (p. 15C) the results of the measurements are 
displayed in a correlation surface. 

The table illustrates the variability of children of the same partheno- 
genetio family, and we can further see, for example, that offspring 
with « parentage of 169*5 thousandths exhibited a range of variation 
159*6—181*6 thousandths. 


The following constants were calculated:— 
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1. The standard deviation (S. D.) of the mothers 

weighted according to the number of offspring 
produced . .. . . ^ 2 2208 

2. The standard deviation of the offspring .^ 2 9503 

3. The standard deviation of aiTuy of offspring . . - 2*6104 

4. The coefficient of correlation. ~ 0*466 ± 0 0539 

5. The coefficient of regression of offspimg on 

mothers .... . ^ 0619 ±0*0809 

According to Mr. Gal ton s theory of ancestral heredity, a child, on 
the average, inherits l/4th of any inherited character from either of its 
parents, 1/16th from any one of its grandparents, l/64th from any one 
of its eight great grandparents, ami so on 

From a mathematical standpoint Professor Pearson* has examined 
Mr. Galton's theory, and ho finds that if it he expressed in the form 


( 1 )“ 


_i Sl). of off spimg_ 

S.D. of individual |>arcnt of the wth genei ation 


the coefficients of correlation and regression between offspring and any 
generation of ancestors flow directly from it. IVofessor Pearson shows 
that the total regression of the progeny on the mvi junent of any genera¬ 
tion is constant and is equal to 0 6, while the correlation and regression of 
an tiulividvtil of the ydh generation (supposing equal variability 
for all generations) =* 0*6(i)** and the correlation of the tmUpment 

of the nth generation ’ 

Hence the coefficients of correlation and regression of an individual 
parent of the 1st generation or nwHan) ~ 0*6(i)^ == 0*3, and 

the coefficient of correlation of the mid-pmcnt = 0*6^-^j = 0*424, and 

the coefficient of regression, as wo have just scon above, =* 0*6, 

Now, on comparing observation with theory, wo see that the par- 
thonogenetic mother appears to act hko a mid-parent; the coefficients 
of correlation and regression being respectively 0*466 and 0*619. 

Further, we know ^ 0*71, andmthe present 


0*71, and m the present 


= 0*75. 


S.D. of progeny 

parthenogenetic mothers 2’22 _ f,.,r 
two--= _ 0 70. 

Among my notes there are recorded the measurements of twenty- 
six grandchildren, the offspring of seven grandparents. With these 
the coeffSoients of correlation and regression were calculated. On 
account of the altogether insufficient number of individuals, the results 
were bound to be very uncertain, but they appear to favour the view 
that inheritance in parthenogenetic generations resembles that from 

* * Roy. Soo. Proc.,’ Tol. 62, pp. 686—412, 
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mid-grandparent to grandchildren. The coefScient of correlation was 
0*272 ±0*12, and the coefficient of regroBsion - 0*5 ±0*2, while, acconl- 
ing to theory, they should be 0*3 and 0*6 respectively. 

The evidence of these measurements cannot be said to be conclusive, 
and I am about to test the theory on some other parthonogenetif; 
animal. If, however, this kind of inheritance Ijc found to hold at all 
generally in parthonogcnosia, it would be a fact of very considerable 
significance, and might conceivably give some insight into the physio¬ 
logical causes of heredity and variation. 


“ Onygena equhia (Willd ) ; a Horn-dostroying Fungus ” By H. 
Marshall Ward, D.ISc., F.K.S., Professor of Botany in the 
University of Cambridge Kcceived Apwl 6,—Rond May 4, 
1899. 

(Abstract.) 

The genus Onijgena comprises half a dozen species of fungi, all very 
imperfectly known, remarkable for their growth on featheis, hair, 
horn, hoofs, &c,, on which their sporocarps appear as drum-stick 
shaped bodies 6—10 mm. high. A cow’s horn, thoroughly infested 
with the mycelium of the present species, yielded material for the 
investigation, and the author has not only verified what little was 
known, but has been able to cultivate the fungus and trace its life- 
history, neither of which had l>ecn done bcfoio, and to supply some 
details of its action on the horn. 

The principal new points concern the development of the sporo 
phores, which arise as domed or club-shaped masses of hyph® and 
stand up into the air covered with a glistening white powder. Closer 
investigation shows this to consist of chlaraydospores, formed at the 
free ends of the up-growing hyph®. Their details of structure and 
development are fully described, and their spore nature pioved by 
culture in hanging drops. The germination, growth into mycelia, 
and peculiar biology of these hitherto luiknown spores wore followed 
in detail, and in some cases new crops of chlamydospores obtaine<^ 
direct in the cultures. 

When the crop of chlamydospores on the outside of the young 
sporophore is exhausted, the hyph® which bore the spores fuse to 
form the peridium clothing the head of the sporocarp, and peculiar 
changes begin in the internal hyph® below. 

Minute tufts or knots of claw-like filaments spring from the hyph® 
forming the main mass of the fungus, push their way in between the 
latter, and so find room in the mosb-hke cavities. Here the closely 
segmented claws form asci—they are the ascogenous h 3 T)h®—and the 
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details of development of the asci, their nucloatefl contents, and the 
spores are dotormined. As the spores ripen, the asci, which are 
extremely evanescent, disappear, and in the ripe sporocarp only spores 
can be seen^lying loose in the meshes of the globa. The ascomycetons 
character of the fungus is thus put beyond question, though the 
peculiar behaviour of the developing ascogeuous tufts at one time 
rendered it questionable whether the older views as to the relationships 
were not more probal)lc 

No one had hitherto been able to trace the germination of those 
asoospores—the only spores known previously—and De Bary ex¬ 
pressly stated his failure to do it. The author finds that they require 
digesting in gastric juice, and so in nature they have to pass through 
the stomach of the aniinal By using artificial gastric juice, ami 
employing glue and other pnxhicts of hydrolysis of horn, the details of 
germination and growth into mycelia, capable of infecting horn, wore 
traced stop hy stop under the microscope and fully dasenhed 

No trace of any morphological structure comparable to sexual organs 
could be diacoveretl, though many iwints suggest the alliance of this 
fiuigus with Krysiphene and Truffles. 

The author also found that siinilar digestion promotes the gormin;i> 
tion of the chlamydasporos, and in both cases has not only traced the 
germination step by stej), but has made measuroments of the growth 
of the mycelium, induced the formation of chlamydosporos on the 
mycelium again, and by transferring rigorous young mycelia to thin 
sharings of horn has observed the infection of the latter. 

It thus becomes evident that the spores of Qntfjem pass through the 
body of an animal in iiatiu’e, and, as might be expected from this, 
extract of the animal's dmig affords a suitable fowl medium to ro-start 
the growth on horn. Probably the cattle hek the Onygeyw spores from 
their own or each other's hides, hoofs, horns, and this may explain 
why the fungus is so rarely olwerveil on the living animal; it is recordo<l 
from such in at least one case however. 

Very little is known as to the constitution of horn, and some experi¬ 
ments have been made to try to answer the question—what changes the 
' fungus brings about. The research has also obvious bearings on the 
question of the decomposition of hair, horn, feathers, hoofs, &c., xmd 
as manure in agriculture. Although a bacterial decomposition of hoof 
substance is known to the author, special investigation of the question 
showed that in the present case no symbiosis between bacteria and the 
(hiygeiia exists. 

For the details os to the literature, the discussion as to the syste¬ 
matic position of the experimental cultures, growth measure¬ 

ments, and the histology, the reader is referred to the full paper, which 
is illustrated by plates and numerous drawings. 
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Development of LepidoBiren paradoxa, Fitz, 


*‘Tho External Features in the Dev^elopnient of Lepdosirt^i 
pavadma, Fitz. By J. Gkauam Kekb. Conimijiiicated by 
A. Sedgwick, F.B.S. Eecoived April 11,—Bead May 4, 
1899. 

(Abstract.) 

The paper opens with a short account of the habits of Leptdosiren as 
observed in the Gran Chaco. A description is then given of th ^ 
external features in the development. The more important points ii-j 
this may be summarised as follows. 

The egg is very large, G 5—-7 ram lu diameter. It is surrouncU^ 
by a special capsule at first thick and almost jelly-like in appearahe^ 
later on (after fertilisation) thin and horny. Outside this was found jjJ 
raio cases a thick jelly resembling that of the common frog's 6gg_ 
The egg is without a trace of dark pigment. Segmentation is COIq. 
plote, resembling most nearly that of the egg of Ainm, and leads to ^ 
condition with an upper hemisphere of small cells with large segmentj^. 
tion cavity, and a lower of largo yolk cells. Gastrulation begins wij^jj 
the appearance of a row of depressions, or a continuous groove aloi , 
alx)ut ono-thinl of the whole extent of the margin between small an , 
large colls. During its progress the sraalbcolled jiortioii spreads ovt 
the lower yolk cells by the addition to its margin of small cells split 
off from the yolk cells. As the groove referred to deepens into a slit 
to form the archonteron, it }>ocomcs graflually shorter, and tht 
eventual complete blastopore is a crescentic slit only about a quarter of 
the length of the original groove. The medullary folds soon appear 
running forwards liom the blastopore. There is no trace externally of 
H blastoporic or piofodmml seam running along the back between the 
medullary folds. The folds are low and inconspicuous, and they are 
continued into one another l>ohind the blastopore, which becomes the 
anus. There arc only slight traces of overarching of the medullary 
folds to enclose a neural canal. During the later stages of intraoval 
development, the posterior end of the body becomes much more con¬ 
spicuously folded off the yolk than the head enil. The Lepidosiren 
hatches out as a tadpole-shaped larva, still completely devoid of dark 
pigment. Just about the time of hatching the cloacal opening closes 
temporarily. As the larva develops it becomes extraordinarily 
amphibian-like. It possesses large pinnate external or somatic gills, 
four on each side, correspondmg to branchial arches I, II, III, and IV. 
A large cement organ is also present, which during its early stages is 
of the characteristic crescent shape so usual in the embryos of Anuta. 
Pigment begins to appear about ten days after hatching—first in the 
retina, then over the dorsal surface^ especially anteriorly. The larval 
condition lasts during the first six weeks after hatching. Towards the 
end of this period the cement organ undergoes atrophy. The somatic 



Thenmal Expansion of Pure Nickel and Cohalt 161 

gilla atrophy later. Diuing the process of their doing so, the Lepido- 
airen paBsee through a condition in which the stumps persist evidently 
corresponding to that well known in the young Protopterus, the group 
of external gills with theii* common stalk having come by differential 
development to be situated immediately above the fore hmb. After 
the close of the larval peiiod the licpidosirens become much darker in 
colour and more lively in their movements. Young were obtained from 
the nest up to a length of CO mm. About this time the cornea iKsgins 
to assume the white unhealthy appcjiranco that it htos in the adidt. In 
the young of this size, small yellow spots appear, and m the young of 
90 mm. those are conspicuous. Occiisiotial yellow blotches persist in the 
young Lopidosireii of eighteen months, but in the adult they disappear. 

The paper concludes with general icmarks on the phenomena de- 
sciibed. The segmentation approaches moat closely that of Ganoids 
The shortening up of the iuvaginating groove is considered to illus¬ 
trate a process which has taken place in phylogeny in the passage from 
the primitive holoblaatic egg to the moroblaatic condition. The con¬ 
tinuity of the medullary folds behind the anus is adduced, together 
with the evidence accumulating of the prolong.ation of the blastopore 
alongiithe floor of the medullary groove in other forms (Amphibia, 
Ceratodiis, e,q.) as aflbrding potent evidence in favour of the hypothesis 
which derives the Vertebrata from ancestral foi-ms as primitive as the 
Co'leiitorata, and possessing a nelongated mouth traversing the neural 
surface. The occurrence of external gills in the young of three so 
comparatively primitive groups of Vertebrata as Crossoptorygmns, 
Dipnoans, and Amphibians, their oecurrcncc on four branchial arches 
in Lepidosiren, and on at letist the hyoid arch in Crossopterygians, and 
the occurrence of a probable homologue on the mandibular arch in 
ITrodela, are taken as suggesting that the^ structures are organs of 
gi’eat antiquity in the Vertebrate stem, and that there was formerly one 
present on eacli visceral arch. It is pointed out that were this so, it 
would afford a theory of the origin of the vertebrate lunb, which 
woultl be supported by much of the evidence brought forward by the 
supporters of the Gegenbaur view, and which at the same time would 
avoid the most important difficulties in the way of this view. 


“ The Thermal Expansion of Pure NicUel and Cobalt.’' IJy A. E, 
Tutton, 15.Sc. Communicated by Professor TiLDEN, D.Sc., 
F.IiS. Received April 18,—Read May 4, 1899. 

(Abstract.) 

The author has carried out a series of re-determinations of the co~ 
efficients of thermal expansion of these two metals with the aid of the 
interference dilatometer descnbetl in a former communication to the 

VOL. LXV. / N 
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Society.* Since the determinations made by Fizeau in the year 1869, 

4 large amount of additional knowledge has been accumulated with 
reference to nickel and oolmlt, including the discovery of the liquid 
nickel carbonyl, which places processes of purification in the hands of 
the chemist of a character so superior to the older methods, as to 
render it highly desirable that rc-detorminutions of the physical con¬ 
stants ot these iMtoiusting elements should ])0 carried out with speci¬ 
mens of the metals thus purihod By the kindness of Professor 
Tildon, who has propaiod such specimens with infinite caic for the pnr- 
]>oses of the investigation of nthci physical and chemical characters, 
the author has been enabled to carry out determinations of the thermal 
expansion with rectangular blocks varying in thickness from 8* to 
13 mm. The blocks were furnished with parallel and truly plane 
surfaces by the makers of the dilatometer, Messrs. Trough ton and 
Simnis. 'Fho rtingo of temperature of the ol»servations was from 
6“ to 12r. 

The results of the determinations of the coefficients of linear expan¬ 
sion a are as follows — 

a - a + 26 / 

For nickel a -= 0 000 012 48 + 0 000 000 OH 8/ 

For cobalt a -- 0 000 012 08+ 0 000 000 012 8/. 

Nine different determinations were carried out for each metal, three 
in each of the three roctangular directions, lu order to eliminate any 
slight error due to directioriftl strain in the metallic blocks. As the 
metals crystallise in the regular system, the expansion should lie the 
same in all directions. The metal m each case htul solidified after 
fusion in an oxy-hydrogen flame in presence at the last of excess of 
oxygon. The individual results are highly coiicoidant, the highest 
result for cobalt being still lower than the lowest of the nine values 
obtained for nickel. Hence there can be no doubt that the above 
coefficients represent the true relationships 

The main result of the investigation may l)e suinmarised as fol¬ 
lows .—The coefficients of linear expansion a of pure qickel and cobalt 
exhibit a slight but real difference, the coefficient of nickel being 
distinctly greater than that of cohalt. This is true with respect to 
both the constant the coefficient for 0% and the increment per 
dogieo, 26, of the general expression for the coefficient at any tempera-, 
turo f, a « a + 2bt, The difference is consequently one which augments 
M'ith the temperature; at 0" it amounts to 3*2 per cent., while at 120*, 
the upper limit of the temperatures of the observations, it attains 4*5 
per cent. Similar rules apply naturally to the cubical coefficients. 
The metal possessing the slightly lower atomic weight, nickel, is thus 
found to expand to a greater extent than the metal, cobalt, which is 
endowed with the higher atomic weight. 

* * Phil. Tran*./ A, vol 191, 813 1 * fioy. See. Proo.,' toI. 88, p. 208. 
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'‘On the Presence of two Veiniifurm Nuclei in tlio Fertilised 
Embryo-sac of lAliiun Martagon*' By Ethki* Sauoant. Com¬ 
municated by JJr. D H. ^^coiT FR.S Keceive<l April 28,— 
Road May 4, 1899. 

In a communication to tbo Ruiisian Scientific Congrosb, ^^h^cb mot 
at Kioff, last summer, Profossoi S. Nawahchiu summarised the brilliant 
results of his recent work on the fertilised embryo-sac of Liliam Mar- 
tfigmi and Fiitilhum iemllu (August 30, 1898) The report of this 
imper, published in the ‘ Botanisches Centralblatt ' for January 4, 1899, 
led Professor L6on Guignard to contribute a short account of his hitherto 
unpublished researches on similar stages in the hfo-history of some 
species of Lilium {L, mvrtagoiu L, ptf7efun(Hm^ and others) to the Aca¬ 
demic des Sciences of Pans (April 4, 1899) 

The results thus obtained indepcmlently by two distinguished 
l>otanista are in poifoct accord, and present the greatest theoretical 
intoTest. They find that both the male gonoiative nuclei on emerging 
from the |)ollen tube are elongated in shape, and that each is more or 
less twisted on its own axis. The nuclei, in fact, appear to have lieen 
killed by the fixative in the act of spontaneous movement within the 
embryo-sac. M. Guignard comjiares this motion to that of a non- 
ciliated antherozoid.* The “ vermiform ” shape can bo traced in tbo 
male nucleus for some time after it has joined the nucleus of the 
ovum.t 

The most startling discovery, however, is that the second generative 
nucleus unites with the upper jxilar nucleus of the embryo-sac, and 
that both then fuse with the lower polar inuleus. Thus the definitive 
nucleus of the embryo-sac, which later on gives rise by repeated divi¬ 
sion to the endosperm nuclei, is formed by the coalescence of throe 
nuclei of very different origin. One is the sister-nucleus of the male 
element in the fertilised ovum, another, the sistor-nucleus of the 
female element > and the third has all the chciractors of a vegetative 
nucleus. Professors Nawaachin and Guignard are in complete agree¬ 
ment as to these facts. M. Guignard adds that occasionally the polar 
nuclei have united before the arrival of the “ antherozoid," and gives 
a number of figures in which the triple fusion is perfectly clear. 

I am fortunate enough to possess a few preparations from the fer¬ 
tilised embryo-sao of Lilium Mariagon^ which, so far as they go, com¬ 
pletely confirm the results of Professors Nawaschin and Guignard. 
The material was fixed in absolute alcohol for researches which wero 
never even begun, but 1 cut a few hand sections from it immediately 

* Onignard, * Comptot Beadus,' April 4,1890, p. 3 of the vepamte copj. 
t Chiigurd, he, mt, p. 6 and flgi. 8—6,7—11. 
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after fixing, to make sure that it really contained fertilieed embryo-sacs. 
Fourteen sections were kept, all of them stained with methyl green 
and acid fuchsin. As this, though a brilliant, is rather a difiuse stain, 
I have lately re-stained eight of the preparations with Renault’s hsema- 
toxylin and eosin, which gives more precise results. 

None of these preparalions show the vermiform nuclei free in the 
embryo-sac. In eveiy c^ise conjugation has already taken place; the 
male nucleus is appliorl to the female nucleus in the micropylar end of 
the embryo-sac, and the second generative nucleus is applied to both 
polar nuclei In one case only the two polar nuclei are not in contact. 
The much elongated “ antherozoid ” unites them like a bridge, one eud 
in contact with the lower, the other end coiled round the upper 
nucleus (fig. 1, r.«) 


mcropyl0. 



Excluding all doubtful cases, eight embryo-sacs show the male and 
female nuclei not yet fused but in contact. In six of these the male 
nucleus is more or less elongated. It may be distinctly coiled (fig. 1, y.n), 
or merely horse-shoe or kidney-shaped, and commonly lies on the upper 
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or lower side of the much larger female nuclevia. (See Guignard's 
figs. 3, 4, 8, and 10.) lu two cases the male nucleAw la rounded, or 
but slightly elotigated. 

Eight embryo-saca show the polar nuclei near the centre, lu five 
cases the mass is clearly made up of three nuclei, and the generative 
nucleus is distinguished fiom the other two by its irregular shape, tho 
differentiation of a slender chromatic nlibon, and by the absence of a 
nucleolus. In three embryo-sacs two resting nuclei are applied to 
each other near tho centre. 

The pollen tube is vciy clear in several preparations, and it com¬ 
monly contains two small nuclei, stained green, and of irregular shape. 
Since both generative nuclei are accounted for, those are probably duo 
to division of the vegetative nucleus. 


M(nj 18, 1899. 

Tho LORD LISTER, E.R,C S, D.C.L , President, in the Chair. 

A List of tho Presents received was bud on the table, and thanks 
ordered for them 

Tho Bakonan Lecture, on Tho Crystallmo Structure of Metals,” 
was delivered by Professor Kwing, F K S , and Mr. W. Uohknhain. 

The following Papers were read :— 

I “The Yellow Colouring Matters accompanying Chlorophyll, and 
ihoir Spectroscopic Relations.” By C. A ScHUNCK. Com¬ 
municated by Dr. Scjiunck, E R S 

11. “The Diffusion of Ions into Gases.” By J. S. Townhknu. Com¬ 
municated by Professor J. .L Thosison, F.R.S. 

in. “ The Diurnal Range of Ram at the seven Oliscrvatorios m connec¬ 
tion with the Meteorological Office, 1871—1890.” By Dr. 
R. IL Scoi’T, F.KS. 

The Society adiourned over tho Whitsuntide Recess to Thursday> 
June 1. 


VOl. T.XV. 


a 
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“ On a Self-recovering Coherer and the Study of the Cohering 
Action of different Metals” By Jagadis CliUNDKR Boss, 
M A, D.Sc, Professor of Physical Science, Presidency College, 
Calcutta Communicated by Loud Bayleigii, F.B.S. Re¬ 
ceived Marcli G,—^lioad April 27, 1899. 

In working with coherers, made of iron or stool, some special diffi¬ 
culties are cneountcicd in the warm and damp chmato of Bengal. The 
surface of the metals soon gets oxidised, and this is attended with 
variation of sensitiveness of coherer. The sensitiveness, it is true, 
docs not altogether disappear, but it undergoes a considerable diniimi- 
tnnu The presence of excessive moisture in the atmosphere introfluces 
anoth(!r ihfficulty. Sulist-incos to be experimented on become more or 
less opJiqne by absoiptioii of water vapour. As fairly dry weather 
lasts in Bengal only for a few weeks in winter, the difficulties alluded 
to al>ovo are for the greater part of the year serious drawbacks in 
carrying out dclitMte expenmonts. To avoid as far as possible the 
partial loss of sensilulity of the receiver duo to oxidation, I tried to 
use metals less oxidisahle than iron for the construction of the coherer 
In niy earlier experiments I derived considerable advantage by coating 
the steel spirals ivith deposits of various metals. Finding that the 
sensitiveness depends on the coating mcUl and not on the substratum, 
I used m my later cxjiouments fine silver thieads wound in narrow 
spirals. They were then coated wnth cobalt in an electrolytic bath. 
The coating of cobalt was at first apt to strip off, but with a smtable 
modification of the electrolyte and a proper adjustment of the current, 
a deposit wvis obtained which was very coherent. The contact surface 
of cobalt was found to bo highly sensitive to electric radiation, and the 
surface is not liable to such chemical changes as are experienced in the 
case of stool 

I next proceeded to make a systematic study of the action of dif¬ 
ferent metals as regards thoir cohering properties. In a previous 
paper* I enumerated the conditions which are favourable for making 
the coherer sensitive to electric railiation. Those are the proper 
adjustment of the E.M.F. and pressure of contact suitable for each 
particular receiver. The E.M.F. is adjusted by a potentiometer slide. 
For very delicate adjustments of pressure I used in some of the fol¬ 
lowing experiments an U-tube filled with mercury, with a plunger in 
one of the limbs ; various substances were adjusted to touch barely the 
mercury in the other limb. A thin rod, acting as a plunger, was made 
to ilip to a more or less extent in the mercury by a slide arrangement. 
In this way the mercury displaced was made to make contact with the 

• *'On FoUriiation of Electric Ray," 'Journal of Asiatio Society of Bengal,* 
Hay, 1896. 
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given metal with gradiuilly increasing pressure, this increase of pres¬ 
sure being capable of the finest adjustnieuta. The circuit was com¬ 
pleted through the metal and mercury. Sometimes the variation of 
pressure was produced by a pressure bulb. In the arrangement 
described above the contact is between different metals and mercury— 
metals which were even amalgamated by mercury still exhibited 
sensitiveness to electric radiation when the amalgamation did not pro¬ 
ceed too far. In this way I was able to detect the cohering action of 
many conductors, including carlion. For studying the contactrsensitive- 
iiess of similar metals I made an iron float on which was soldered a 
split-tube in which the given metal could bo fixed, a similar piece of 
metal being ladjusted aliove the float, so that by working the plunger 
or the pressure bulb the two metals could bo brought into contact with 
graduated pressure. The other arrangements adopted wore the contact 
of spirals compressed liy micrometer screw, and filings similarly com¬ 
pressed between two electrodes 

With the arrangement describe*I above the action of rathation on 
metallic contacts was studied, a bijcf account of which will bo given 
under their respective groupings. It may hero bo mentioned that 
certain metds which do not usually show any coutact-seusitivcucss can 
bo made to exhibit it by very careful manipulation The nature of the 
response of a coherer is to a certain extent modified by its condition 
and pirticular adjustment A coberer freshly made is more difticnlt to 
adjust, but at the same time far more sensitive The action is more 
easily under control and more consistent after a few days* rest, but the 
sensitiveness is not so aluiormally great. The contacts of bright and 
clear surfaces aie difficult to a<l]nst, but such contacts arc more sensi¬ 
tive than those made by tarnibhod surfaces. Pressure and E.M.F., as 
previously stated, also modify the reaction. For example, a freshly 
made and very delicately adjuste*! coherer sulrjocted to slight pressure 
and small E M F. showed an increase of resistance by the action of 
radiation. The galvanometer spot, aftei a shoit interval, resumed its 
former position, exhibiting a recovery from the effect of radiation. 
The coherer continued to exhibit this effect for some time, then it 
relapsed into the more stable condition in which a diminution of 
resistance is produced by the action of radiation. Another coherer 
was found apparently irresponsive to radiation, there being the merest 
throb (sometimes oven this was wanting) in the galvanometer spot, 
when a flash of radiation fell on the receiver. Thinking that this 
apparent immobility of the galvanometer spot may bo due to response, 
followed by instantaneous recovery, the galvanometer needle being 
subjected to opposite impulses in rapid succession, I interposed a tele¬ 
phone in the circuit; each time a flash of radiation fell on the receiver 
the telephone soiuided, no tapping being necessary to restore the sensi- 
tivenoM. The recovery was here automatic and rapid. After twenty 

O 3 
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or thirty flashes, however, the receiver lost its power of automatic 
recovery, and the sensitiveness had then to bo restored by tapping. 
An interesting observation was made to the effect that on the last occa¬ 
sion the receiver responded without previous tapping, a rumbling noise' 
was heard in the telephone which lastc<l for a short time, evidently due 
to the ro-arrangemcnt of the surface molecules to a more stable condi¬ 
tion, after which the power of self-recovery was lost 
The stiito of sensiIuJity descri)>e4l above is more or less transitory, 
and IS indacc<l, goncrall}^ speaking, by a somewhat unstable contact 
and low E M.P acting in the circuit In the majority of metals, the 
normal tendency is towards a dimumtion of contact resistance by the 
actum of electiic waves The occasional inciease of resistance, in 
general, disapjiears when the pressure and E.M.F. arc increased. But 
in the case to l>e picaontly described we have an interesting exception, 
whore the norninl state of things is just the reverse of what prevails in 
the majority of metals. 

Ailffh Metals 

In the following investigations the riuluitor is a platinum sphere 
9*7 iimi. 111 (liaineter. The coheier was placed at a shoit distance, so 
that the intensity ot incident r.idiatioii was fan ly strong. 

VWfMsnoa.—In working with this metal, the exceptional natiuo of 
the reaction became at once evident. The effect of radiation Wtos to 
pioduco ail inrteo'it of resistance The pressure of contact was adjusted 
till H ciiTreut flowed through the galvanometer, the galvanometer spot 
of light being at one end of the scale. On subjecting the receiver to- 
radiation the spot of light was deflected to the opposite end, exhibiting 
a gloat inciease of resistance. When the pressure and E M P. w^ere 
suitably adjusted a condition M^as soon attained, when a flash of 
radiation made the spot of light swing energetically in one direction, 
indicating an inoroaso of resistance’ the receiver, however, recovered 
installtanoously with the cessation ot radiation, and the spot violently 
swung back to the opposite etui, indicating the normal current that 
flows in the circuit This condition was found to persist, the receiver 
uniformly responding with an increase of resistance followed by auto¬ 
matic and instautaneous recovery. To prevent oxidation, the receiver 
was kept immersed m kerosene. Wlien the receiver was lifted from 
the protecting bath, it still continued to respond with an increase of 
resistance, but with a giadual loss of power of automatic recovery. 
This power was again restored on again immersing the coherer in 
kerosene. The receiver in vacuo, or under reduced hydrogen pressure, 
would hav'e been preferred, had the necessary appliances been available. 

Sothnnu —As wo pass from potassium to the neighbouring metals, 
there is u gradual transition of property as regards the nature of 
response to electric waves. With sodium the adjustment is a little 
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more difficult than with potassium, but the response is somewhat 
similar to that of potassium. Though in general there is an increase 
of resistance pioducod by electric radiation, theio are occHhional excep¬ 
tions when a diminution of rcsisUucc is produced. With some trouble 
the adjustment could bo made so that the recovery is also automatic, 
but it is not so energetic as in the case of potJibsium 

LUhtnm .—Specimens of tin’s metal not being available, I obUiinod a 
-deposit of It on iron electrodes by clcrtiolysis of the fased chloride. 
The action produced by electric radiation was sometimes an increase 
and sometimes a diminution of rcbistaiice, the increase of resistance 
being the more frecpiont. With some difficulty it was possible to 
mljust the sensitiveness so that the recovery vias automatic, but it was 
not energetic nor did this power peisist for a long time. 

Metals of the Jlhihne Eaith 

Pure metals of this group being not available, I had to rely on the 
deposit obtametl by electrolysis Chloride of calcium was fused m a 
ciucible, and deposits weie produced on non cathodes, the anode lioing 
a carlwn rod. The deposit Wtis not very even. One of the iron rods 
with the deposit was tested by immeraiou under water, when hydrogen 
was evolved I did not succeed in getting deposits of cither barium or 
strontium, the temperature availaldo not being sufficiently high. 

On making a ooheror with calcium, and keeping it immersed in 
kerosene, an action similar to that produced by sorhum was ol^sorvod. 
The tendency of self-recovery was, however, very slight. 

MmjhtsiHniy tml Cadmium, 

In these metals and m the succeeding groups there is a pronoimcod 
tendency towards a diminution of resistance by the action of electno 
radiation. Magnesium lieing easily oxidisablo, there is a thin coating 
■of oxide on the surface. When this is scraped, the metal makes a very 
highly sensitive receiver. The adjustment is not difficult, the metal 
allowing a considerable latitude of pressure and E.M.F. It has 
already been stated that the metals which are slightly tarnished can 
be more easily adjusted. 

Though there is m this metal a decided tendency towards a reduction 
of contact resistance, yet it is possible by careful adjustment to obtain 
-an increase of resistance. Indeed it is sometimes possible to so adjust 
matters that one flash of radiation produces a diminution of resistance, 
and the very next flash an increase of resistance. Thus a aeries of 
flashes may be made to produce alternate throws of the galvanometer 
needle, llie more stable adjustment, however, gives a diminution of 
resistance, and receivers made with this metal could be made extremely 
sensitive. The tendency towards recovery is almost wanting. 
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Zine .—This metal also exhibits moderate sensitiveness; it, however^ 
requires a more careful adjustment. 

Cadmimu —The action of this motiil is somewhat similar to that of 
zinc, but the sensitiveness is very much loss. 


Bwmiih and Aviimont/, 

Both l>ismuth and antimony make very sensitive receivers. Moile- 
rately small E M.F. with slight pressure is best suited for these metals. 

Bon ami the Allied Metah 

Lon ,—The action of this metal is well known. In one of my experi¬ 
ments I used It in connection with mercury. When the contact is 
very lightly made, there is a tendency towards an increase of resistance 
by the action of ra<liatiori. But after a time the «action became normal, 
that is to say, there w;vs a diminution of resistance. 

KirLel and Cobalt .—These are also very sensitive. The surface being 
bright, the E.M.F. and pressure are to Ijc adjusted with some care. 

Manganese and Clutwiium —Those weio obtained in the form of 
powder. Their action is similar to the other metals of this group 

Aluminium .—This also makes a sensitive receiver. 


Tin^ Lead, ami Thallium, 

It is somewhat difficult to adjust iiii, but when this is done the metal 
exhibits fair sensilivenosH. Le(fd is also sensitive. The sensitiveness 
of tluiUmm is only moderate 

Mohjhdenum and Uranium. 

The specimen obtained was in the form of powder, and very tar¬ 
nished in appearance. The sensitiveness exhibited was slight.. 


Metals of the Ptatinum Gioup. 

Platinum exhibited a moderate amount of sensitiveness. Spongy 
platinum also showed the same action. The absorption of hydrogen 
made the action slightly better, but the improvement was not very 
marked. 

Palladium .—This made a more sensitive coherer than platinum^ 
The adjustment is, however, more troublesome. 

Omxum .—The specimen was in the form of powder. It requires a 
higher E.M.F. to bring it to a sensitive condition. The sensitiveness, 
was moderate. 

Rlwdhm was found to be more sensitive than osmium. 
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Coppery Gold^ arul Silm. 

Copper required a much smaller E.M.F. The sensitiveness was only 
moderate. 

Geld was more difficult to adjust, lait the action is a little stronger. 

Silver .—The receiver was extremely unstable. It exhibited some¬ 
times a diminution and at other times an increase of resistance. 

It will bo seen from the aliove that all metals exhibit contact sensi¬ 
tiveness to electric radiation, the general tendency being towards a 
diminution of resistance. 

The most interesting and typically exceptional case, howovei, is the 
receiver made with potassium, which not only exhibits an incroaso of 
resistance by the action of radiation, but also a rcmarkalilo power of 
self-recovery In the accidental instances of increase of resistiuice 
exhilnted by other mcUls, an increase of prossme oi K.M.F. generally 
brought the coherer to the normal condition, which showed a diminu¬ 
tion of conUct losistanco by the action of electric waves. With potas¬ 
sium I gradually increjwed the piessure till the receiver grew insensi¬ 
tive. All along it indicated an increase of resistance, even when one 
piece was partially flattened against the other I increased the E.M.F. 
many times the normal value, this incroaso (till the limit of sensitive¬ 
ness was reached) rather angmentcMl the sensibility and power of auto¬ 
matic recovery. I allowed the receiver a period of rest, the nature 
of response remaining the same. As far as I have tried, potassium 
receivers always gave an mcrcaae of resistance, a property which seems 
to bo characteristic of this metal, and to a less extent, of the allied 
metals. 

It will thus be seen that the action of potassium receiver is not, 
strictly speaking, a cohering one. For it is difficult to see how a 
cohering action and consequent bettor contact could produce an in¬ 
crease of resistance. It may bo thought that tlio sudden incroaso of 
current may, by something like a Trevelyan rocker action, produce an 
interruption of contact. But biich a supposition does not explain the 
instantaneous action, and the equally instiiiitanoous recovery. 

In arranging the metals according to their property of change of 
contact resistance, I was struck by the similarity of action of electric 
radiation on potassium in increasing the contact resistance, and the 
checking action of visible radiation on the spark discharge. In the 
latter case too potasium is also photo-electrically the most sensitive. 
But the action is confined to visible radiation, and is most efficient in 
the ultra-violet region. I was indeed apprehensive that the action on 
potassium receiver which I observed might be in some way due to the 
ultra-violet radiation of the oscillatory spark. But this misgiving was 
put to rest from the consideration that the receiver was placed in a 
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glass vessel filled with kerosene, through which no ultra-violet light 
could have been transmitted. To put the matter to final tc%b, I lighted a 
magnesium wire m close proximity to the receiver without producing 
any effect Thick blocks of wood of el)onite and of pitch were inter¬ 
posed without chocking the action I then used polanscd electric 
radiation, and interposed a book analyzer, 6 cm. in thickness; when 
the analyzer was held p<rrallel, there was a vigorous action, but when 
It was hcUl in a crossed position all action was stopped. No visible or 
heat radiation could ha\o Ixion transmitted through such a structure, 
and there can be no doubt that the action was entirely duo to electric 
radiation. 

It would be interesting to investigate whether the observed action 
of electric radiation on a potassium receiver is in any way analogous 
to the photo-electric action of visible light. I have commenced an in¬ 
vestigation on this suliject, the results of which I hope to communicate 
on another occasion. 


Bakeiuan Lectukk —‘^Tho Crystalline Stmeturo of Metals.*' By 
il. A- Ewing, F.BS., Professor of Mecluiuism and Applied 
Mechanics in the University of Cambridge, and W. Rosen- 
HAIN, 1851 Exhibition Iteseardi Scholar, Molhourno Univer* 
sity. Delivered May 18, 1890 

(Abstract.) 

In a previous communication, read to the Society on March 16, a 
preliminary account was given of some of the results the authors hud 
arrived at in studying metals by the microscopic methods initiated by 
Sorliy, and pursued by Andrews, Arnold, Behrens, Charpy, Osmond, 
Roberts-Auston, Stead, and others The present paper deals with a 
development and extension of the same work. It relates chiefly, 
though not exclusively, to the ottects of strain, and the relation of 
plasticity to crystalline structure. 

It is well known that the etching of a polished surface of metal 
reveals, m general, a structure consisting of irregularly shaped grains, 
With clearly marked iKiundaries. Each grain is a crystal, the growth 
of which has lieen arrested by its meeting with neighbounng grains. 
This view, us Mr. Stead has pointed out, is strongly supported by the 
appearance of the etched surface under oblique illumination, when the 
several grains are seen to reflect light in a way which is consistent only 
with the idea that on each there is a multitude of facets with a definite 
orientation, constant over any one grain, but different from grain to 
grain. The formation of such a structure is well exhibited, on a rela¬ 
tively enormous scale on the inner surface of a cake of solidifying 
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bismuth, from which the still molten metal has been poured away. 
Another striking example of this structure is seen in steel containing 
about per cent, of silicon. The fiactured ingot of this material 
exhibits large crystals, and by deeply oU-hing a polished suibice 
Mr. Stead has obtained a beautiful development of the regularly 
oriented elements of which the cryst.dlino grains are built up* on a 
scale 80 large as to require but little magnification 

The authors have obtained much evidence that this structure is 
typical of metals generally Probably under no condition does any 
metal cease to bo crystalline. 

The crystiilline character of wroiight*iroii Imrs or plates is seen when 
the polished suifaco is etched, not merely by the general appearance of 
the grams under oldiquo light, but by the development of geometrical 
pits on the surface. These pita have a definite orientation over each 
grain, and the orientation changes from one grain to another. Usually 
111 the purest commercial iron their outline is that of plane sections of 
a culxj, but occasionally they are apjurently plane sections of an octa¬ 
hedron. In some instances isolated and conipai ativcly largo pits only 
are seen, in others nearly the whole suiface of a gram, when viewed 
under a magnification of 1000 or 2000 diameters, is found to be 
covered with small as well as large pita, geometrically similar and simi¬ 
larly oriented. Photographs of these are given in the paper. 

For the piu^xise of pioducing smooth surfaces in the more fusible 
metals, without polishing, the metal was poured in a molten state on a 
plate of smooth glass. The suiface pioiluood in this way shows well 
the bouiidaties between the grains, and in some cases it also exhibits 
the crystalline character of the grains in a leniarkablo way by moans 
of geometrical pits, which are apparently formed on the surface in con¬ 
sequence of the presence of small bubbles of air or, more probably, of 
gas given out from the metal itself during solidification. Cadmium 
shows these particularly well, and they are to be observed also in tin and 
zinc. Those air-pits are seen, under 1000 diameters, to be negative 
crysUls, similar and similarly oriented on each grain, and, in cadmium, 
to have outlines which suggest that they are sections of hexagonal 
prisms. Their charactei istics are exhibited in the photographs, which 
also show how the boumbiries between the grama are emphasised by 
the collection there of air or of gas given off by the metal during 
solidification. The true boundary is meiely the trace of a surface on 
a plane, but it may bo broadened out in this way into a wide shallow 
channel. 

The effects of strain have been examined in many metals, using sur¬ 
faces prepared either by polishing or by casting against a smooth plate. 
When any metal is strained beyond its elastic limit in any way, the 
surface of each crystalline grain becomes marked by one or more 
* * Journal of tho Iron and Steel Institata,' 1898. 
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systems of linos running in a generally straight and parallel fashion 
over it. The direction of the parallel lines changes from grain to 
grain. Thus those lines serve to mark out one grain from another in 
a metal which, although polished before straining, has not been etched 
to develop the bounclanos. As straining proceeds, the hnoa become 
more and more numerous and emphatic, and two, throe, or four 
systems appear on each grain. 

The nature of those lines h*i8 been described in the authors* paper of 
March 16 They arc slips along cleavage or gliding planes in the 
crystals. The effect of each slip is to develop a step on the polished 
face. The short inclined surface forming this step looks black under 
vertical illumination, but shines out briglitly when oliliquo light of 
a suitfddo incidence is used These slip Imnde, as they wore named in 
the previous jiapor, are thus seen as narrow dark or liright bands, 
accordingly to the nature of the lighting. 

The authors have developed slip-bands in iron, copper, gold, silver, 
platinum, lead, tin, bismuth, cadmium, aluminium, nickel, as well as 
steel, brass, gun-motal, and various other alloys. So far as the observa¬ 
tions go, they occur in all metals. 

The slip-bands are in themselves an evidence of crystalline structure, 
and, fiu'ther, they show how such a structure is consistent with plas¬ 
ticity, and how it persists after pbistic strain h<is occuirod. The 
“ How*’ or non-clastic strain of a metal occurs through numerous finite 
slips taking place on the cleavage or gliding surfaces in each of the 
ciystallmo grams of which the metal is an aggregate. The elementary 
pieces which slip on one another retain their primitive crystalline 
character. 

Further, if the movement of the pieces with respect to each other 
in any one grain is a movement of translation only, their onentation 
should remain uniform in each grain. 

That this is actually the case is demonstrated by examining specie 
mens of metal which harl been violently deformed without any subse¬ 
quent annealing or heating. In metal that has been rolled or hammered 
in the cold state, or deformed by tension or compression or strain of 
any kind, however severely, the grains are still seen where a surface ia 
polished and etched. Their form is much changed l.y the strain which 
the piece has undergone. But the fact that they have retained their 
crystalline structure is demonstratetl when, after polishing, the piece 
is subjected to a slight adflitional strain of any kind, for the effect of 
this additional strain is to develop slips of the same general character 
as Ijefore. Further evidence to the same effect is given by the fact 
that etching the polished surface of a very severely strained piece 
develops geometrical pits, which are similar and similarly oriented 
over the face of each grain, notwithstanding the great distortion which 
the grain has\ suffered as a whole. The effects of oblique lighting in 
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metal which is polished and etched after severe straining are referred 
to OB illustrating the same point. The persistence of crystalline struc¬ 
ture is demonstrated by micro-photographs of the section of a bar of 
Swedish iron which had boon rolled cold from a diameter of f inch to 
a diameter of \ inch without subsequent heating. The outline of the 
grains is much distorted, but the orientation of the crystalline olo- 
monts remains constant within each individual gram. 

The slips in motala which exhibit a cubical crystalline structure on 
etching are in some instances parallel to the faces of the cubes, and are 
very frequently iuclmod to the faces, apparently along the octahedral 
planes. Stepped lines arc frequently seen, and also linos which appear 
curved probably in consequonco of numerous steps which are unre¬ 
solved even under the highest powers In exceedingly plastic metala 
such as lead, copper, and gold, the linos are particularly straight. A 
piece of load cast against glass to produce a smooth surface gives, 
when slightly strained, a splendid display of slip-bands, and the 
boundaries of the grams are sharply defined by the meeting of the 
linos on one gram with those on its neighbours Another way to get 
a clear load surface for the purpose of showing slip-bands is to press a 
freshly cut piece of the metal with consideralilo force against a smooth 
object. Photographs of slip-bands in iron, gold, silver, load, copper, 
and other metals are given in the paper. 

When a metal is fractured the grains do not as a rule part company 
at their boundaries, but split along cleavage surfaces. It is to this that 
the crystalline appearance, obvious in mfiny fiacturos, is due. 

In several metjils the authors find that “ twinning ” takes place in 
the crystalline structure as an effect of strain. Samples of copper, 
which in the original cast sUte gave no evidence of the existence of 
twin crystals, wore hammered or otherwise wrought, and were then 
found to be full of tivins The twinning produced in this way sur^ 
vived after the wrought cop|>er had been raised to a red heat and 
allowed to cool. Similar results were obtained in gold and in silver > 
the metal in the cast state did not show twins, but they were found 
after the metal had lieen wrought and subsequently softened by 
annealing. An example of twinning was obsorvod in nickel after the 
application of a somewhat severe strain. Twins were readily developed 
in cadmium by strain, apparently as a result of the slight strain which 
was applied for the purpose of developing slip bands They were also 
found in lead, zinc, and tin, either as a primitive feature in the crystal¬ 
lisation or produced by straining. The twinning frequently takes the 
form of a largo number of parallel bands within a single grain, and a 
twin band due to strain in one grain is sometimes associated with a 
twin band in neighbouring grains, the bands being continuous except 
for a change in orientation in passing from grain to grain. 

Photographs of twin bands in copper, gold, lead, and other metals are 
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given, showing the twin Iwinds as revealed hy a cross-hatching of 
parallel slip linos, the sets of lines being parallel to one another in 
alternate liands of the twin. The twinning under strain which wo 
have observed in various metals is similar to that which is known to 
occur in calcitc. It may bo regarded as a result of slip accompanied 
by a doiinito and constant amount of rotation on the part of the 
molecules 

From this point of view there are two modes in which plastic yield¬ 
ing occurs in a crystalline aggiegatc One is by simple slips, where 
the movements of the eryatalhne elements are purely tianslatory and 
their orientation is consequently preserved unchanged. The other is 
by twiniimg, whole rotation occurs through an angle which is the wime 
for each molecule in the twinned group. Both morles are often found 
not only in a single specimen of metal Imt m the same crysullino 
^ain. 

At the suggestion of Afessis Heycock and Neville, the authors’ 
examination of the effects of strain has lioen extended to certain 
eutectic alloys. The structure of such alloys has already been 
described by Osmond, with whose observations those are in agreement. 
The alloy gonoially exhibits rather large grains, the structure of which 
18 very different from that of pure moUds, for it consists of an intimate 
intermixture of two constituents, one of which appears as separate or 
dendritic crystals on a field formed of the other constituent. The two 
are seen forming an exceedingly minute and complex structure within 
each of the laigo grains of which the alloy is made up {^raining has 
the effect of making this intimate structure more apparent, by causing 
slips which set up differences of level between pieces of one and the 
other ronstituent 

A study of the micro-structure of alloys suggests a possible explana¬ 
tion of the peculiarities they present in legard to variation of electrical 
conductivity with temperature. The two coustituonts may behave 
individually as pure metals in this resjicct, but if their coefficients of 
expansion are different the closeness of the joints between them will 
depend on the temperature. Thus if the more expansible metal exists 
as plates, or separate pieces of any form within the other, the effect of 
heating will bo to make the joints between the two conduct more 
readily, with the result of reducing the increase of resistance to which 
heating would otherwise give rise, and in extreme cases with the effect 
even of producing a negative temperature coefficient. The high 
resistance of alloys generally may be ascribed to the large number of 
joints across which the current has to pass 

In casting metals against glass and other smooth bodies for the 
purpose of getting a surface fit for microscopical examination, a surface 
is occasionally produced which not only shows the true boundaries be¬ 
tween the crystalline grains, but also additional markings which simulate 
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boundfiriGS in a very curious manner. These pscudo-ljoundaries are- 
often polygonal in form, like the real boundtines, and have an intimate 
geometrical association with them. Under low powers they are in 
some instances difficult to distinguish from true boundaries; but the 
distinction is apparent nnrler higli powers, and it becomes obvious as 
soon as slip-bands are developed by the straining of the metal The 
pseudo-boundaries are found to consist in small variations of level 
in the surface of the grains in which they occur. Their form suggests that 
they are projections upon the surface of real edges below. They occur 
very conspicuously in (.admmm, especially when it is cast on a cold 
surface, and less conspicuously in zinc It is probable that in the 
strain set up by uncipial cooling after the meUl has solidified, the lower 
edges of the ciystalliuc giains piojcct a sffrt of image of themselves on 
the surface by slips, or possibly by n<irrow bauds of twinning. Tho' 
effect resemlilcs that of a Japanese “ magic ” mirror, in which slight 
inequalities of the surf/icc, corresponding to a pattern boliind, cause 
light reflected from the mirroi to produce an image in which a ghost of 
the pattern may be trace/l. 

The authors regard thoir experiments as establishing the conclusion 
briefly stated in their previous paper, to the elfoct that tlio plasticity of 
metals is due to the sliding over one another of the crystalline elements 
composing each grain, without change* in their orientation within each 
grain, except in so far as such change may occur through twinning. 


“The Yellow Colomiug Mutters accoiupaiiying Cbloroplu 11, and 
their Spectros(*o]uc delations” lly C A Schunck Com- 
munieated by Kdwaud Schi;nck, FliS. Eceeived April 20, 
—Kead May 18, 1899. 

[Vlatk^O ] 

The yellow colouring matters dealt with are those accompanying 
chlorophyll in healthy green leaves an<l which are extracted along with 
it by means of boiling alcoliol. 

This group of yellow colouring matters is generally known by the 
name xanthophyll, a term first used by Berzelius, who was the first 
observer to express the belief that a yellow colouring matter pre-exists 
along with the green colouring matter in alcoholic extracts of gi’eon 
leaves. The subject has subsequently received the attention of many 
investigators—Fremy, Michels, Millardot, Muller, Tinisnaseff, Ger- 
land, Raunonhoff, Asketiasy, Stokes, Sorby, Tschirch, Kraus, Filhol, 
Hansen, and Schunck. The principal results arrived at by these 
investigators are as follows:—Filhol noticed that by treating crude 
alcoholio chlorophyll solutions with animal charcoal it is possible to 
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remove the green constituent of the mixture when a yellow coloured 
solution remains, the colour of which he believes is evidently due to a 
pro-existing colouring matter or matters associated with tho green one. 
Kraus—to whom wo are indebted for a most elaborate study of the 
physical properties of the yellow constituent of crude chlorophyll 
solutions—confirmed the observations of Filhol, and added a number 
of new ones which load, according to him, to an explanation of the 
absorption spectrum of crmlo chlorophyll solutions which has hitherto 
been universally accepted as the correct one. The author used 
amongst other methods, for tho piu^poae of separating the yellow 
colouring matters from tho green, their diflereiit solubility in alcohol 
and benzol or, correctly speaking, benzoline. An alcoholic solution of 
chlorophyll, treato<l with benzoline, retains, according to him, the yellow 
colouring matter or mixture of colouring matters, while tho benzoline 
takes up tho gi oen constituent. By an investigation of tho spcctro- 
scojiic properties of these solutions, compared to tho original one, 
Kraus arrived at the result that tho onhnary chlorophyll spectrum, 
which has been described with consider able accuracy already by 
Brewster, is a complex one, ? e , that some of tho absorption bands are 
duo to tho green constituent and some to tho yellow. The former, he 
says, IS characterised by six kinds, four of which (comprising the well- 
known chlorophyll spectrum) are situated between tho solar Imefs B 
and E; tho fifth between F and Q, and the sixth in front of O. Tho 
yellow constituent shows two bands, one at F or just liohmd it, and 
tho second in front of G. These observations, according to Kraus, 
explain tho constitution of the spectrum of crude chlorophyll solutions, 
the first four bands of which being due solely to the green constituent, 
the fifth to the yellow, and tho sixth to a combination of the sixth 
band of tho green constituent and tho second of the yellow. The fifth 
band of the green constituent being very faint, and situated between 
the fifth and sixth bunds of the mixture, does not, according to him, 
appear at all. These explanations, however, as will be shown, are 
erroneous. 

Sorby using carbon bisulphide as tho separator in place of benzoline 
states that along with chlorophyll in the crude alcoholic extracts of 
the green leaves of tho higher plants there are three accompanying 
yellow colouring matters present which ho names orange xanthophyll, 
xanthophyil, and yellow 2 canthophyIl, each showing a couple of bands 
in slightly different positions in the more refrangible visible portion of 
the spectrum, but none in the less refrangible part, and also that 
there are other yellow colouring matters present, which he groups 
under the term lichnoxanthine, which obscure tho more refrangible 
portion but exhibit no bands. He also states that chlorophyll (the 
green constituent) of the higher plants is separable by the same means 
into two colouring matters which he terms Blue Chlorophyll ” and 
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“Yellow Chlorophyll,” the former being the chief constituent, the 
latter being present in only a small relative quantity, and each give a 
aeries of bands situated throughout the visible portion of the spoctrunn 

Hansen’s method of isolating the yellow colouring matters is dif¬ 
ferent from those of the previous observers. He treats the alcoholic 
extracts of green leaves with caustic alkali, evaporates the liquor to 
dryness, and extracts from the residue the yellow colouring matter by 
means of other, the study of which loavl him to l>eheve that the yellow 
constituent shows only two ]>anda. 

Schunck obtains from all crude alcoholic chlorophyll extracts minute 
sparkling rod crystals which are deposited on standing, and to which 
he has not applied a name, !>ut which he considers identical with the 
cr 3 rthrophylI of Bougarcl and the chrysophyll of llartson. On dilution 
the yellow solutions of these crystals gave two absorption bands in the 
more refrangible portion of the sjMJctvum, but none in the less re¬ 
frangible, and, though not in the same positions as the similar bands 
(the fifth and sixth) shown by crude chlorophyll solutions, ho consider*^ 
these latter bands not due to chlorophyll but to an accompanying 
yellow colouring matter. 

Finally, Tschirch, who used iJanseii’s method for separating the 
yellow from the green constituent, describes two yellow colouring 
matters, to which he gives the uames xantho-carotin, showing three 
bands in the more refrangililo part of the spectrum and to which, 
according to him, the bands in the Idiio and violet shown by crude 
chlorophyll solutions are duo, and xanthophyll proper, which shows no 
bands whatever but only a tote'll obscuiation in the violet region 

It will be seen that the results obtained by the various observers do 
not agree, and a renewed study of the yellow constituent of crude 
chlorophyll solutions appeared to bo desiral)le. My own results differ in 
many respects from the hitherto generally accepted ones, they relate not 
only to the physical nature of the yellow colouring matters in question, 
but also enable us to characterise chlorophyll proper in a different 
manner than ivas possible before. The preparation of pure chlorophyll 
seems to baffle all attempts, but so far the physical properties of this 
substance, the knowledge of which would guide an experimenter in 
reaching the goal have, as it proves, not been known with sufficient 
complotenoss. 

I will now give the results of the experiments I have made, in the 
endeavour to separate these yellow colouring matters from the accom¬ 
panying chlorophyll, dealing more especially with their spectroscopic 
relations as compared to those of chlorophyll in the violet and ultra¬ 
violet region of the spectrum investigated by aid of photography_a 

means M'hich, with the exception of Tschirch, former observers have 
not applied—and by which moans I have been able to ascertain one or 
two new facts, and have, I think, been able to clear up the much 
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debated point M^hother the ubsoi ption bands in the violet and ultra¬ 
violet region shown by crude chlorophyll solutions are due to chlo¬ 
rophyll itself or to the accompanying yellow colouring matters. 

The chlorophyll soluliona experimented upon were obtained in the 
usual manner by extracting the colouring matter from the loaves with 
boiling alcohol. I have already shown* that chlorophyll solutions pre¬ 
pared in this way show three characteristic aliaorption bands on proper 
dilution, in the violet region of the spectrum, giving in the less 
refrangible region the well-known spectrum of four Imnds which in 
very pure solutions may bo said to ]>e reduced to three, so fault does- 
the fourth band appear 

If the extracts are uoncentiatod enough one finds invariably on 
standing for a day or so minute sparkling red crystals deposited on 
the sides of the containing vessel or along with the fatty deposit, 
coloured green by chlorophyll, which generally comes out of the extracts 
on standing Those crystals are found in variable ({uantitios, but 
more often than not in a minute quantity 

This IS the first yellow colouring matter one comes across and is the- 
eiythrophyll of Bougaiol, and the ehiysophyll of Hartsen and' 
Schunck.t That chryeophyll is always to Iw found in chlorophyll 
solutions proves that either it pre-exists as such along with chloro¬ 
phyll in Its alcoholic extracts, or that it is fornic«l spontaneously 
from one of the colouring matters, and is not, according to HansoiuJ 
formed under certain conditions oi\hf by the decomposition of a deri¬ 
vative. Chrysophyll thus obtained is not a very stable sulmtanco, and 
in order to preserve it unchanged it sliould bo placed ni a glass tulie- 
through which a current of hydrogen has boon passed before sealing, 
and kept in the dark Its alcoholic solutions are l>leitchod rapidIjr 
when exposed to the air and sunlight, and even when kept in the 
dark a change very soon takes place in its solutions as shown by its 
spoctnim, though there is no apparent change in colour. According 
to Arnaud§ it is identical wuth carotin. Chrysophyll gives no alisorp- 
tiou bands in the re<l, yellow, or green, but three very distinctive 
bauds in the violet region of the spectrum which, as I have shown,H 
are almost identical in position \vith those of carotin They (Plate 6^ 
fig 5) occupy intermediate positions compared to the throe bands 
shown by crude chlorophyll solutions in the same region, Iieing shifted 
more towanls the red end of the spectrum. 

The method I have applied for separating the other accompanying 
yellow colouring matters from the chlorophyll is that of treating the 

* * * § Roy. Soc. Ppor / vol. 63, p 398. 
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nriido Alcoholic cxtnicts with nn excess of animal charcojil in tlio cold 
for about an hour, w'hich removes all the {‘hloropliyll and leaves a 
yellow solution, which gives no absorption bands in the red, yellow, or 
green, but four distinctive bands Mtnatcd in the violet and ultra-violet 
region of the spectrum. The prolonged action of animal charcoal has 
the effect of ultimatclv absorbing all the colouring matters, leaving the 
solution colourless By this means the yellow colouring matters can 
1)0 olitnincd free from chlorophyll, but 1 have ni>t licon able to recover 
the latter from the animal cliurcoal This w-as tried by boiling the 
charcoal with ether, the result being a greenish yellow solution, giving 
the four bauds in the Molct ,ib befoie, but, in addition, a faint band lu 
the red, showing that it couRiated of a poitiou of the yellow colouring 
matters which had lioeii absorbed by the charcoal together with a truce 
of chlorophyll which caused the greenish colour, and the faint band in 
the roil region of the spcctium. 

Yellow solutions obtained in thin way from some chloiophyll 
extracts—which, when fieshly picpaicd, show signs of decomposition, 
viz., the fourth band in the Msible region of the spectrum darker 
and the third fain tor—show only the first two or three bands in the 
violet region, the lest of the Molet and uItra-\ lolet bmng obscured. 
In such cases asciiaiation can be effected by ether, the yellow^ colouring 
matter causing the obscuration icmaining in the alcoholic portion, the 
yellow' ethereal portion now' showing the four-handed spectrum as 
before This colouring matter c.iubing obscuration no doubt liclongs 
to the hchnoxanthine group of Sorby,* and corresponds to the so 
callcd xaiibho])hyll of Tbchircli t These yellow soliitions deposit on 
spontaneous c>aporatioii an aimnphous substance impregnated with 
much fatty matter, winch so far 1 h.i^ e failed to remove and have been 
unable to get in a crystalline form. It w insoluble in water, but easily 
soluble in alcohol and ether, giving as before the distinctive spectrum 
of four absorption bands in the Molet ami ultra-violet, Imt rw bauds in 
the rod, yellow, or green ; these bam Is, wuth the exception of the first, 
which IS almost if not quite identical in position w'ith the first hand 
shown hy crude chlorophyll solutions in the violet region, are in distinctly 
different positions to the two remaining chlorophyll bands, or the throe 
duo to chrysophyll (figs. 1 to 5). It appears to l>o much more stable 
than chlorophyll, resisting the action of light aiul air to a greater 
extent; even from crude chlorophyll solutions w'hich have been kept 
for some time and show distinctly from their spoctia the formation of 
phyllocyanin, it can bo obtained unaltered by the action of animal 
charcoal. The solutions, when exposed to sunlight, gradually become 
colourless, but at a lees rapid rate than those of chrysophyll, and appa¬ 
rently without the formation of products of decomposition, os is the 

• • Boy. Soo. Ppoo.,* Tol. 21, p. 462. 
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case with chlorophyll; while away from the light it can he kept for a 
considerable time without any apparent change taking place in its solu¬ 
tions. Alkalis which induce so groat a change in chlorophyll appear 
to have no action upon it. From chlorophyll solutions which have 
boon boiled with potash or soda, and from which animal charcoal will 
not now absorb any appiociablo amount of colouring matter, other 
takes up this yellow colouring matter unaltered. Likewise, if its 
alcoholic solutions Imi boiled with au alkali, no alteration is tliscerniblo. 
On the other hand, if hydrochloric acid gas bo passed through its 
alcoholic solutions the colour changes to a dull dark-red, giving no 
bands, but a general obscuration m the violet and ultra-violet region 
of the spectrum. By this method I have obtained this yellow coloming 
matter from two species of from parsnip, clover, birch, and 

ViTginia creeper leaves, the extracts of the last-named, when even 
freshly prepirod, showing a near approach to the phyllocyaiiin spec¬ 
trum. I have also examined the yellow coluuiing mattei of autumnal 
loaves, and find that it is identical with it both in properties and 
spectrum (Plato 6, figs .‘1 and 4) ; but in autumnal loaves invariably I 
find the presence of the other yellow colouring imitter which obscures 
the spectrum, but which can be got nd of })y separating with other. 
This supports the belief that the yellow coloming matter of autumnal 
leaves is what remams after the chlorophyll of the healthy green leaf 
has faded away, the latter ]>eing the less stalile (jf the two (as has already 
been shown to lie the case), and fading first. I have examined the 
colouring matter of some etiolated leaves, and here the piesence of a 
yellow colouring matter that obscures the spectrum in the violet and 
ultra-violet region is undoubted. I endeavoured to got nd of it, as iji 
the former experiments, by scpirating with ether, but seemingly with 
only partial success, the ethereal pcirtion showing only three hands, but 
in the same positions as the first three bands of the yellow colouring 
matter under review, the rest of the spectrum in the violet and ultra¬ 
violet l)oing oliscured. 

It is to this yellow coloimng matter giving the characteristic spec¬ 
trum of four bands in the violet region, a spectrum not before observed, 
I liclieve, and which I believe to be the predominating yellow colour¬ 
ing matter accompanying chloiophyll in ordinary green loaves, and 
also of faded autumnal loaves, that I would restrict the name xantho- 
phyll, just in the same way that phylloxanthin, from being first applied 
by Fremy to inclmlo all the yellow colouring matters accompanying 
chlorophyll, as well as a yolloAvish-brown decomposition product of the 
latter, has boon applied by Schunck in a stricter sense to one of the 
group only—the yellowish-brown decomixisition product of the action 
of acids. Crude alcoholic chlorophyll solutions can, as before stated, 
be separated into a green and yellow portion by agitating with carbon 
bisulphide—Borby's method—or by benzoline, Kraus’s method, the 
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carbon bisulphide and bonzolino portions Iwing coloured green, and 
the alcoholic portion in each case yellow. I boliovo from the few ex¬ 
periments I have so far made by those methods of separation, that the 
xanthophyll, aa I have defined it, passes along with the chlorophyll 
into the carbon bisulphide or the benzoline, a point overlooked by 
Kraus, but noticed by Sorby, while the alcoholic portion contains yet 
another yellow colouring matter or matters, showing ill-defined alisorp- 
tion bunds in the violet region, ])ut in different positions again to either 
the bands of chrysophyll or xanthophyll. May be we have hero the 
xanthophyll and yellow xanthophyll of Sorby,* whilst probably my 
xanthophyll corresponds to his orange xanthophyll. 

I hope after some further experiments by these moans of separation 
which I am now undertaking, to bo able to throw some further light 
upon the apparent complex u*ituro of this group of accompanying 
yellow colouring matters. 


The Spectroscopic llelatiom of CMovopkiflly (^hijsophylly owl XontlmphylL 

The method of observing the absorption spectra by means of 
photography is the same as 1 adopted in a former investigation, deal¬ 
ing with chlorophyll and its denvativos,t quartz lenses and an Iceland 
spar prism being used. The qiiesUou whether the bunds shown by 
crude chlorophyll solutions in the violet region are duo to chlorophyll 
itself, or to an accomiKvnying yellow colouring matter, has not so far 
boon answered m a satisfactory manner. Some oliaervers consider them 
due to the former, whilst others, the majoiity I believe, attribute them 
to the latter. 

On inspection of the plate (figs 1, 2, and 5), it will be soon that the 
chrysophyll liands are shifted towards the rod end of the spectrum 
compared to those of crude chlorophyll, so that if chrysophyll pre¬ 
exists along with chlorophyll in its alcoholic extracts, the bands of the 
two spectra would overlap, so as to prmlnco one broad band extending 
from F to ; l»ut in all the freshly prepiirod noi*mal crude chlorophyll 
extracts I have oxamiriod, I have never found this to be the case, the 
three liands always l>eing visible on proper dilution, with no indication 
of those duo to chrysophyll. 

We can therefore conclude that they arc not due to chrysophyll, and 
must assume that if chrysophyll pre-exists, its relative quantity com¬ 
pared to chlorophyll must be ,small. In the xanthophyll spectrum, it 
will be notico(l (Plato 6, fig. 3) the first three bancls do not coincide 
with the chrysophyll bands, being shifted towards the ultra-violet, and 
the spectrum is further distinguished by a fourth band situated between 
and L, which is lacking in chrysophyll, the latter having the cha- 

* * Roy. Soc Proo ,* voL 2t, p. 466. 
i ‘ Roy. Soo Proo.,* vol. 63, p, 391. 
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mlcristic of allowing considerably more of the ultra-violet rcays to pass 
through its solutioiiB. Coniimring now the xanthophyll spectnuu with 
that given by ciudc chlorophyll aolutions, it will at once ]>e seen that 
tlio character of the two spectra are (pute dilicrcnt, and this points to 
the fact that the bands aio duo to two distinct coloiuing matterfi. 
This H fenpporte<l l>y the fact that from ci ndc akolndic chloiophyll 
solutions that have been acted upon with alkali, the xanthophyll can 
bo recovered iniciltered by shaking up with ether, the chlorophyll being 
80 altered (though the colour of the solutions is unchanged) that animal 
charcoal will not now absorb the green eolounng matter, this altera¬ 
tion has }) 0 on shown by Schunck* to lie due to the formation of an 
alkali compound of alkachlorophyll. Ag.iiii, in crude chlorophyll solu¬ 
tions which have been kept n httlo time, aii<l which show signs of 
decomposition, owing to the foimdlion of phylloxanthin and phyllo- 
oyanin, the hands in the violet aie no longer discornilde on projicr 
dilution, yet act upon such .solutions with animal charcoal, and W'c 
get a yellow solution gning the foiir-bandcd xanthojihyll spectrum, 
showing that the xanthophyll w^as there all the time unaltered, but did 
not aflfcct the spectrum From the spectra of their alcoholic solutions 
It will bo observed the only xanthophyll liand that could attbet the 
crude chlorophyll spectrum is the first, for it is the only one in a 
similar position , Imt I think I can show that this cannot bo the case, 
aiul that it IS in no way connected with chlorophyll If a crude chloro¬ 
phyll solution ho cxamineil in ether l ompared to alcohol, it will be 
found that in the former solvent, the })ands are all shifted towards the 
more refrangible end of the spectnuu, while the xanthophyll hands in 
both solvents are in identical positions (Plate C, figs, 0 to 11), so that 
we see now the first xanthophyll l>and no longer coincities with the first 
band of crude chlorophyll, and thercfoie can not have any iiifluciico 
upon the chlorophyll spectrum. And thus I came to the conclusion, 
taking one experiment with another, that as with chrysophyll, xantho¬ 
phyll is present in such a small relative (|iiaiitity, compared to chlo¬ 
rophyll, that the hands of its spectrum cannot lie detected in the crude 
chlorophyll solution, and that the bands sliown by the latter are duo 
to chlorophyll itself, and not to any of the accompanying yellow 
colouring matters which the majority of former observers lielieved 
they wore due to. This belief may have arisen from the fact that 
without the aid of photography, only the first two liands of chlorojiliyll 
and the accompanying yellow colouring' matters in the violet region 
arc discernible in alcoholic solutions to the eye, and they thus f.iiled to 
olwervo the complete spectrum which, from an inspection of the plate, 
will he seen makes in each case a vast difleienco to the character of the 
spectrum. 

That all freshly prepared chlorophyll extracts show in every case 
• 'Boy. Soc. Proc/ rol. 60, p. 312, 
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the throe hands in the violet region, is I think a proof in itself that 
they are due to the same colouring matter that procluccs the charcactor- 
istic and unmistakaldo spectrum in the less refrangible region, or to a 
rery intimately connected colouring matter so far unknown. Seeing 
also that all the chlorophyll derivatives give a characteristic absorption 
in the violet and ultni-violot region, it would bo strange that 
chlorophyll pioper should prove the exception, and it ia an interesting 
fact that its two chief, arul intimately connected decomposition pro¬ 
ducts int€) sc—phyllocyamu ami jihylloxanthm—should have, as I 
have shown,* hands in the violet icgion in identical positions with 
these throe chlorophyll hands, the hist of them corresponding to a 
faint, hut distinct one, ohhcrvaldo in pure phyllotyanin solutions on 
proper dilution, the other two to the two (haractcnstic phylloxanthiii 
bands in the violet region 

Sitnnuiini 

1. I find in olf crude .ilcohohc extiacts of healthy gieen leaves, two 
yellow colouring matters accompanying the chlorophyll One chryso- 
phyll which deposits out of the extr«vcts on fatandiiig m luRtroua red 
crystals, hut more otten than not in minute ipiantitles, the other 
obtained by treating the extracts with .iminal charcoal in the cold, the 
charcoal taking up the chloiojihyll, and lo.iviiig a yellow solution 
which deposits on spoiit.meous evaporation an iinorphous Mibst.ince 
impregnated witli mucli fatty inattei, and to which I have restricted 
the name xanthophyll. Anothci yellow colouring matter is sometimes 
found along with xanthophyll which gives no absorption bands, but 
only an obscuration in the violet and ultia-violet region of the 
spectrum, and in such cases a separatum can be elTected l»y other. 
There is also evulcuco to show that cither yellow colouring matters 
may exist. Xanthophyll, however, I believe, is the predominating 
yellow colouring matter accompanying chlorophyll in the healthy 
green loaf, and I also find it to bo ideiitiial with the principal yellow 
colouring matter of the faded autumnal le.iv ea. 

2. Chryaopli^ll and xanthophyll each give a characteristic absorp- 
lion stMictuiin in the violet and ultra-violet region, the former consists 
of throe bands, the latter of four, but in slightly diflTerent positions. 
Crude chlorophyll solutions also give, in .idditiou to the chaiactoristic 
spectrum of four bauds in the less refrangible region, throe characteristic 
bands in the violet, and from observations by means of. photography 
I come to the conclusion that these bands are duo to chlorophyll 
itself, and not to any of the accompanying yellow colouring matters 
which the majority of former obscrvoig Ixilieved they were due to. I 
also find that phyllocynnin and phylloxanthin liav'^e bands in identical 
positions with those throe chlorophyll baiuk 

* ‘ Koj?. Sue Proc / ^ol. C3, p 893. 
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KXPIiANATIOK OF PLATE. 

A and B. Speotrum of a liydrogen vacuum-tube from which the roferonco lines, 
F, G', A, and Ifi are obtained, with the poUsiium K/i line thrown in. The 
solar lines, L, M, N, and P are obtained by measuroment from a negative of 
the solar sport rum 

Fig. 1. Crude chlorophyll in alcohol 
„ 2. „ „ „ diluted. 

„ 3. Xaiithophyll from eriido < hloropbyll solutions iii alcohol by the action of 
animal ihan'oal 

„ 4, Xantliopbyll from faded autumnal yellow loaics in alcoliol 
„ 6 Chrysojiliyll in alcoliol 
,, 0 Crude rliloFophyll in alcoliol 
„ 7. p „ other. 

„ H ,, „ alcohol diluted 

„ 1). „ ether 

, 10. Xanthopliyll in alcohol 
„ 11. „ ether. 


“On the Chemical CUusaihcatioii the Staia.'^ By Sir Nouman 
Lockyku, K.CMi., F.K S. Received April 27, —Read May 4, 

\m. 

[Platb 7.J 

III the attempts made to classify the stars hy lueaiib of their spectra, 
from Rutherford’s time to quite recently, the various critena selected 
were necessarily for the most part of unknown origin, with the excop- 
tion of hydrogen, calcium, iron, and carbon, in the main chemical 
origins could not be assigned with certainty to the spectral linos. 
Ilencc the various groups defined by the behaviour of unknown lines 
were referred to by numbers, and as the views of those employed in 
the work of classifying differed widely as to the sequence of the 
phenomena observed, the numerical sequences vary very considerably so 
that any co-ordination becomes ditficuit and confusing. 

Recent work has thrown such a flood of light on tlie chemistry of 
the stars that most definite chemical groupings can now be established, 
and the object of the present communication is to suggest a general 
scheme of classification in which they are employed, in relation to the 
line of cosmical evolution which I have developed in former papers 
communicated to the Society 

The fact that most of the important lines in the photographic region 
of the stellar spectra have now been traced to their origins renders 
this step desirable, although many of the chemical elements still remain 
to be completely investigated from the stellar point of view. 

The scheme is based upon a minute inquiry into the varying inten¬ 
sities, in the different stars, of the lines and flutings of the under¬ 
mentioned substances: - 
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Certain unknown olonients (probably gaseous, unless their lines 
represent “ principal series ”) in the hottest stiirs, and the new form of 
hydrogen discovered by Professor Pickoniig (which I term “ proto¬ 
hydrogen” for the sake of clearness), hydrogen, helium, asterium, 
calcium, rangnosium, oxygen, nitrogen, carbon, silidum, iron, titanium, 
copjior, manganese, nickel, ehiommm, vanadium, strontium , lire 
spectra being observed at the highest available spark temporatnrefl. 
The lines thus observed I teiiu “enhance<l” lines, and I distinguished the 
kind of vapour which produces them Iiy the affix “proto,” proto- 
magnesium, for the sake of clearness * 

Iron, calcium, and manganese at are temperatures 
Carbon (flutings) tit «irc tcmpeiatnrcs 
Maganese and non (lliitingM) at a still lower tem|)crature 
In a communication to the Societvt I stated the results arrived at 
recently with regaid to the appeal ances of the lines of the above sub- 
stiinces in stars of dilVeri*nt tempciatures, and the definition of the 
diffeieiit groups or genera to be subseipicntly given are Iwiscd upon 
the map which accompanied the lupei, together with more minute 
inquiries on eertam additional points, the ex.iiiiination into which was 
hiiggcstetl as the work went on 

So far as the inquiry has at present gone, the various moat salient 
differences to be taken advfintage.of fur grouping puqioses arc icprc- 
sonted in the following stais, the inforniatiou being deiived from the 
roficarches of Professor Pickeringt and Mr McClean,S as well as from 
the Kensington senes of photographs 


llofhsiSfms 

Two sUirs in the constellation Argo (f Puppis and y Arghs 1|) 
Alnitfim (e Ononis) This is a star in the belt ol Orion shown on 
maps as Ainilani I)i Pudge has hocri good enough to make iriqmrics 
for me, which rIioav the change of wold to have been brought about by 
a transciiber\s crioi, and that the meaning of the Ariibic wonl is “a 
belt of spheres or pearls ” 


* ‘ Roy. Soi. Proc vol (>4, j) 3i)S 

t ‘ Roy. Soc. Prut* * \ol 04, p a'Wi 

t ‘Astro-ph^fl .Touni, \ol 5, p 1SS>7. 

§ * Spectra of Southern StHr« ’ 

II The Hpectrum ot Uhh mIup (‘oiiltiin** bright lino*, but I show in a paper ucarly 
really tor communication to the Society, that when these otcur with dark Imci, 
the latter alone have to be considered lor purposes of chetnical clBSsification. 
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Slam of intermediate Temperature, 

Aseemlinq t^enes Demmling SvrieK 


/5 Cnuis. 

Aohernar. 

C Tauri. 

Algol. 

Uigel 

Markab 

cf Cyg***' 

f . 

[ ■ 1 

Si 1 ins. 

Pol.'lMS 

Procyon 

Aldcbaian 

Arc turns 


oj Jmtfd Tvmpnoiui 


!^tt udiiuf S< t an, 

Aut.iuM, ouo of iho In'ightoKt 
•^tars in Dun or’s Catalogue of 
Class IlK^^ 


• Dencf fuh ag Set u ^ 

19 Pisomm, one of the brightest 
stars in Dundr's Catalogue of 
Class lUb, 


[Nebubo.] [Dark Sur**.] 

In order to nifikc quite clear that both an ascending and a descend¬ 
ing senes must bo taken into accyunt, I give herewith (Plato 7) two 
photographs showing the phenomena observed on both sides of the 
temperature curve in re versing layers of stars of nearly etpial mean 
temfieratiiros, as determined by the enhanced linos. The stars in 
question arc.— 

Sirius (descending) \ 
a Cygni (ascendmg). / 

Procyon (descending). I 
y Cygni (ascending). J 

The main difforonces to which I wish to draw attention are the very 
different intensities of the hydrogen linos in Sirius and a Cygni, and the 
ilifferoncc in the width and intensities of the proto-motallic and metallic 
linos in Procyon and y Cygni. These differences, so significant from a 
classification point of view, wore first indicated in a communication to 
the Society in 1887 f, and the progress of the work on those lines has 
shown how important they are. I have Iwveed the group—or generic— 
words upon the following considerations. 

As wo now know lioyond all question that a aeries of geological 
strata from the most ancient to the most recent brings us in presence 
of different organic forms, of which the most recent are the most com- 

* * Sur les KtGiles k spectres de la troisieme cUue,' 
t *Roj. Sot*. Proo./ lol. 43, p. 145. 
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plox, it is natural to suppose that the nuiny sharp chiiiigcs of spectra 
observed in a senos of stars from the highest temperature to the lowest, 
bring us in presence of a series of chemical forms which become more 
complex as the temperature is ieduced. Hence we can in the stars 
study the actual facts relating to the workings of inorganic evolution 
on lines pjirallol to those Avhich ha\o already been made available in 
the case of organic evolution 

If then wo regard the typical tolars as the equivalents of the typical 
strata, such as the Cambrian, Silurian, tVe , it is convenient that the 
form of the words used to define them should be common to both , 
hence I suggest an adjectival form ending in kuk If the typical sUr is 
the brightest in a constellation, I use its Auibic name as root, if the 
typical star is not the brightest, I use the name of the constellation. 

The desideratum referred* li.ih to a certain extent determined the 
choice of stars where many weie avail.iblo I have to express my 
great obligations to Dr Murr.iy for help genoionsly aHordcJ in the 
consideration of some of the questions thus nused. The table runs as 
follows.— 


Classification of Staks tmo Gkneua defendino upon their 
Chemistry and TEMrEUArirRE. 


Ibghcd siwithd (lunHishif, 


Argoiiian 

Alnitamian. 

Crucian. 

^ Taunan. 

Rigehan. 
g, Cygtufiii. 

g Polarian. 

Aldebanan. 

Antanaii. 


Achernian 
Algol lan ^ 
Markalnan. ^ 

- ^ 

Sirian. ^ 
Procyoman. S 
Arclnnan. 
Piscian. 


The chemical definitions of the various groiqis or genera arc as 
follows:— 


Definitions of Stellar Genera. 

Argoman,, 

Predominant ,—HydroKcii and proto-hydrogt n. 

Helium, unknown gas (X 4451, 4157), proto-mague- 
flium, proto-oaleium, anterium 


Alnitamian, 

Predominant, —Hydrogen, helium, unknown gases (\ 4089*2, 
4116 0, 4649 2). 

Astenum, proto-hydrogon, proto-nuignesium, proto- 
calolum, oxygen, nitrogen, carbon. 



Froto-ni«tal>iL linen relativelj thick, hjdrogen relatively thin. 


190 


Sir Norman Lockyer. 


Cnteiaa 

Prfdomxnani —Hydrogen, hUlum, ns. 
tenum, oxygen, nitrogen, carbon. 

—Proto-nijigneBium, proto- 
ealrmm, unknown gna (\ 4089 2), «nli- 
eium 

f Tam lan 

Predominant —Hydrogen, lie- 
Uuni, prot-o-magnesium, nst>crmm 
Fatnter —Proto-ealenjiii, sili- 

eium, nitrogen, eaibon, ox>gen, | 
proto-iron, proto-titanmni 

Riijehan, 

Predominant —Hydrogen, proto 
ealeiimi, proto-inagnosium, heluini, 
siliemm. 

.Faw/er.-—Astermm, proto-iron, 
nitrogen, carbon, jirotu-titnnmin 


CyffHtan 

Predominant —Hydrogen, jirolo. 
caleimn, proto itmgnoMinni, proto- 
iron, Riheiutn, proto.liliuiium, 
proto-eopjwr, proto ehrunimni 
Fainter. —Proto-niekel, jiroto- 

vanadium, proto jriHiigauchO, proto- 
strontium, iron (arc) 


Polanan 

Predominant — Froto-calmuin, 
proto-titanium, hydrogen, proto- 
magnesium, proto-iron, and are 
linos of calc linn, iron, and munga- 
uoso. 

Fainter —The othorproto-motals 
and motals occurring in the Sirian 
genus. 


Ackernian. 
Samo as Crucian. 


Atgolian. 

Predominant, —Hydrogen, proto- 
magncMnim, iirolo-calciuui, helium, 
sjlieium 

Fauiter. —Proto-iron. ustenuin, 
carbon, proto-titaninm, proto-cop- 
per, proto niangane<<e, prolo-nickel 

* Markahxan. 

Predominant —Hydrogen, prolo 
Lalcium, prolo-magnesium, hiii- 
ennu 

Fainter —Proto iron, helium, 
nsterium, ])rolo-titauiiim, proto- 
topper, proio-tjiangaxioBC, prolo- 
niekol, prolo-thromiuni 


Strian 

Pi edominant —Hydrogen, proto- 
rakium, pruto-magnesinm, jiroto- 
iron, Bilicium. 

F<tinier —The lines of tlic other 
proto-niotals and the arc lines of 
iron, calcium, and niaugancse 

Vroc^onxan. 

tiaine as Folanau 


Pk to-metallic lines relatively thin, hydrogen relatively thick. 



a CAN MAa 
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Aldebarian. 

:Pr€dominant —Proto-oftloiuTn, nro 
linoB of iron, oftlcium^ and manganoBo, 
proto-strontium, hydrogen 

Fainter, —Proto-iron and proto-tita- 
nium. 

Antarian. 

Predominant ,—FlutingH of inimga- 
nose. 

Fainter ^Arc lines of inolallic do- 
ments. 


Arcittruin, 
Saxno Aldobanan 


Piactan, 

Predominant ,—Flutiugs of < tirboii. 
Faintfr —Art* lines of metallic ele¬ 
ments. 


Wo may take for granted that as time goes on new intormediate 
genera will require to he estahlishwl; the proposed cLissifiration lends 
itself conveniently to tliis, as there are no numerical relations to ho 
disturbed. 

A still more general chemical classification is the following, it lioing 
understood that in it only the most predominant ch(*mical features arc 
considered, and that there is no sharp line of sepiration between these 
larger groups. The peculiar position of calcium ciml magnesium londois 
this caveat the more necessary 


CLAhSlFKJATlUN OF 8'IAJIS. 


Gaseous stars 


Highest temperature 

{ Proto-hydrogen stars 

Clovoite-ga8star8{g“ 

r Rigelian 

Proto-metallic stars . i Cygnian 

Metallic stars . . .... 

Stars with fluted spectra . 

Lowest temperutm-e. 


r Argonian 
\ Alnitcimiun 

Achci Ilian 
Algolian 
Markubian. 


r Polarian. 

\ Aldebarian. 
Antarian. 


Sulau. 

Procyoman 

Arctuiian. 

Piscian. 


The detailed chemical facts to Ixi gathered from the definitions of 
the several genera indicate many important differences between the 
order of appearance of the chemical substances in theatmusphoies of the 
stars and that suggested by the hypothetical “pei iodic law." Siiocial 
investigations are in progress by which it is hoped some light may bo 
thrown on this and other points of a like nature 
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■ Tlio Diffusion of Ions into fJasos ” By JOHN S Townsend, M.A. 
(Dublin), Cleik Maxwell Student, Cavendish Laboratory, 
(’ambiid^c Coniiuuiucatcd by Trofeasor J. J. Thomson/ 
RIIS. Keceived April 2n,—Read May 18, 1899. 

(Abstract.) 

In the paper upon this aubjecl, the prin<.iplcs upon which the theoiy 
of iriteidifluMon of gufios depends, are applied to the djlfiision of ions 
pi 0(1 need by Koiitg(‘n rays When a gas has I teen left to itself, 
tlio ronductnity gradually disappears When no electromotive forces 
are .icting, the loss of conductivity is due partly to positive and 
negiitivo ions coming into contact with eadi other, and partly to the 
ellectof the am face of the vessel, which discharges those ions which 
come into contact ivitli it. 

In order to illustrate in a simple w^ay the pnncipIeK which aic 
involved, we take the case of a gas contained in ;i metal sphere, and 
tonftider what liappcns to the ions after the gas has l>eeu removed from 
the inlluence of the rays For present purposes wo may neglect the 
efrcft of lecombination. 

The ions may be coriaidcTed as constituting a Hep.irate gas, the 
molecules (»f whidi may bo cither bigger or smallei than the molecules 
of the g«is in which they aio nnmcised When an ion conics into contact 
with thesuifacc of the spheie it loses its charge, so that the metal 
may bo regarded an a body which com]>Ietely absoi I>s the ions. The 
reduction in the conductivity by the diffusion of the ions to the sides, 
IS exactly analogous to the removal of moisture from a gas by 
bulihbng It through sulphunc acid. The move rapidly the walei 
vapour (birusofl thiongh the gas, the gie^iter will ho the number of 
water molecules which come into contact ivith the acid lourid the 
bubble. If the (piantity of moisture which is lomovod bo found ex- 
jKJiimcntall}^, the coeflkient of diffusion of water vapour into the gas 
can bo deduced.* It would be impracticable to use this method to 
find the coofKcicnt of diffusion of ions into a gas contained in a laige 
vessel, iis the loss of coiidiutivity due to rcconihination would lie largo 
compared with the loss due to the sides. 

The method which wjis employed was to p;ws a uniform stream of 
gas through line metal tubing, and to allow the r.iya to fall on the gas 
iinmodiaU'ly before enteiing the tubing. The bore of the tubing can 
bo so adjusted that the number of ions wdiich come into contact with 
the aides will be l.irgc compared with the number which recombine. 
It ifl coiivcinont to use tubing of such a length, that the conductivity 
will lie reduced to about one half its initial value. 

* John S. Townscml, ‘ Ph»l. Mag / June, 1898 
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In order to obtain the coolficicnt of dittiiaion when the reduction in 
the conductivity has been found exporimcntally, the following problem 
presents itself:— 

If a small quantity of gas, A, is mived with another gas, B, and 
the mixture passed along a tul>c, the sides of which completely absorb 
A, to find what quantity of A emerges fiom the tube with B. 

It will bo iraniediatoly scon that if the gases diffuse rapidly into 
each other, a large proportion of the molecules of the gas A will come 
into contact with the surface of the tube and will there bo absorbed. 
If on the other hand the rate of interdiffasion is very small, the 
molecules of A will tiavel clown the tube in stiaight lines iwirallel to 
the axis of the tube, and practically none of them will come into con¬ 
tact with the surface 

The complete solution of the above problem may bo obtained from 
the following equations •— 

1 dp V 

- -;Jj + nY., 


and the equation of continuity (jm) + ~ (pe) + iL (pw) -0, where 

((jj it y 


7? is the number of ions per cubic c(*utimetro, p their partial pressure, 
e the charge on each ion; X, Y, and Z the electric forces at any point ; 
t/, r, and w the velocities of the ions; W the velocity of the gas B 
through the tube, k the coeiiicient of diffusion of the ions into the gas B. 

The partial differential coefficient with respect to the time, is omitted 
from the equation of continuity, as wc need only consider the steady 
state. 

The term dpjdz may bo omitted from the third equation, as it is small 
compared with the other terms. 


2V 

W =a ™ (a- - r*), where V is the mean velocity of the gas B, 

defined by the condition ira^Vt — toUil volume of gas crossing .any section 
in a time /, a the rmlius of the lube, and / the perpendicular distance 
of any point from the axis 

The forces X, Z vanish since the electrification is too small to con¬ 
tribute appreciably to the motion of the ions. 

The boundary conditions tare:— 


jp =* 0 when r = 
p « constant when ^=> 04 * 
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The solution of the problem requires a somewhat lengthy analysis, 
so that wo give hove oiiily tho hnal result. 

The ratio of tho numbor of ions (or molecules of tho gas A) 
coming out of tho tube with B to tho number which enter is 

7 3 Ur: 44 ArJ 

It = 4 [0*1952 € + 0*0243 + AiC.], 

where z is tho length of the tube. 

The other terms of the senes arc too small to bo tiiken into con 
sideration. 

Having determined tho reduction in conductivity, due to tubes of 
different lengths, tho following values of tho coefficients of diffusion 
of ions into air, oxygen, carlHinic acid, and hydrogen, wore obtained. 


Table of Coefficients of Diffusion of Ions in dry Cases. 


Gas 

K for iou». 

K for — ions. 

Mean value 
of JC, 

Ratio of the 
valuoB of If. 

Air. 

0*0274 

0 042 

0 0347 

1*54 

Oxy[;on. 

0*025 

0*0396 

0*0323 

1 58 

Carbonic and. 

0 023 

0*026 

0 *0245 

1*13 

Hydrogen . 

0*123 

0 190 

0 150 

1*64 


Table of Coefficients of Diffusion of Ions in moist Gases. 


Ohs. 

K for + ions 

If for — lona 

Mean value 
of K. 

Ratio of the 
\ aluea of k. 

Air ..... 

0*032 

0‘02BK 

0 0245* 
0*128 

0*035 

0*0368 

0 0265 
0*142 

0 *0335 

0 0323 
0*026 

0 *1350 

1*00 

1*24 

1*04 

111 

Oiviri'n . 

Carbon 10 aoid. 

Hydrogen ... 



We should expect from the cxpenmeiits, that tho above iiumboi'S 
were correct to 5 per coat. 

Considering one of tho equations of motion 

1 lip V 

-pu - + 

WO BOO that when dpjd£ ^ 0, the veloeity u duo to the electric force 
X is 7iXck/p If the potential gradient is one volt per centimetre X **= 
1/300 in oloctrostiitic units, and tho corresponding value of u is 

KS n 










The Diffusion of Ions into Gases. 19r) 

Lot N bo the number of molecules in a cubic centimetre of a gas at 
pressure P, equal to the atmospheric pressure, and temperature 15" 
centigrade, the temperature at which u and k were determined. 

The quotient N/P may be siibstituttjd for njp in the above equa¬ 
tion, and since the atmosphenc prossuie P is 10'* in C.G.S units, wo 
obtain 

K 


The following values of thus obtained for different gases are 


Air .. 
Gxygen 
Caibonic acid 
Hydrogen 


N^a- 1*35x10^'» 
N/'c, - 1-25 X 10i‘> 
Nrc = 1 30 X 

N^i - 1 00 X 


The values of ?/ wore taken from the Uible of mean velocities given 
by Professor Rntheiford * The values of k which wcio used, are the 
mean values ol)tainod for diy gases. 

Experiments on electrolyse show that one eloctrodynamic unit of 
electricity in passing throng an electrolyte, gives off 1*23 c.c. of 
hydrogen at temperaturcH 15“ and piessuro 10** (IG S units The 
number of atoms in this volume is 2 4G N, so that if E is the charge 
on an atom of hydrogen in the liquid electrolyte, 

2*46NE ^ 1 eloctrodynamic unit of quantity 
3 X 10^'* electrostatic uaitM. 

Hence NE = P22 x 10'^ 

the charge E being expressed in electrosUitic units. 

Since N is a constant, we coiicludo that the charges ou the ions pro¬ 
duced by Rdntgen rays in air, oxygon, carbonic acid, and hydrogen, 
are all the w\mo, and equal to the charge on the hydrogen ion in u 
liquid electrolyte. 

Professor Thomsont has shown that the charge on the ions in 
hydrogen and oxygen which have lieen made conductors by Rontgcii 
rays, is 6 x 10"’^ electrostatic unit, and is the same for both gases 

Taking this value for the charge f’, wo obtain tlie number of mole¬ 
cules in a cubic centimetre of a gas 

N = 2 X 


Prom this we deduce the weight of a molecule of hydrogen, p/N, 
4-6 X gram. 


* £. Rutherford,' Phil. Hag./ November, 1807. 
t J J. Thonuou, * Phil. Mag / Decern^, 1808. 
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Since, as we have shown, the charge on an ion produced by Bontgen 
rays is equal to the charge on a hydrogen ion in a liqiud electrolyte, 
this latter charge is also G x 10“^® electrostatic unit. 

Although the \h1uc of Nr for hydrogen is 25 per cent, less than its 
value for other gases,'v^c are justified in including hydrogen in the 
above general foricJuHion, as wo should ovpect the value of n for hydro¬ 
gen to bo too sniall. ]*rofcssor Rutherford makes no mention of 
liaviiig Lorrcctwl foi the presence of air in his apparatas, or of haMiig 
used perfectly dry hydrogen. If wo take the moan value of k for 
moist hydrogen, wo obtain Noi - 1 15 x 10^® 

In order to prove that the charge on the positive ion is equal to the 
(barge on the negative ion, the ratio of the coefficients of diffusion 
milRt 1)0 shown to lx* ecpial to the ratio of the velocities Professor 
Zeleny* has shown that the negative ions travel faster under an elec¬ 
tromotive force than the positive ions, the ratios of the velocities being 
1 21 for air and oxygen, 1*15 for hydrogen, and 1 0 for curhonic acid. 

The experiments on diffusion show that the ratio of the velocities 
would be larger in dry than in moist gases, but as this point has not 
yet been examined by Profesaoi Zelony,%e cannot e\pei5t a very close 
agreement between the ivitios w^hich ho gives for the velocities and the 
ratios of the coefficients of diffusion. 

We are led to conclude that the charges on the positive and nega¬ 
tive louH are e({ual from anotbcT point of viow^ It h.is been proved 
tli.it the mean charge is the same as the charge on an ioii of hydrogen 
in a Inpiid electrolyte If the charges differed, one of them would l)c 
less than the chaigc on the hydrogen ion, whereas oviicnments on 
eleitrolysis show that all ionic charges are either o(iual to the chaigo 
on tlio hydrogen ion ot an exact multiple of it. 


“On the Prcseiieo of Oxygen in the Atmospheres of certain Fixed 
Stars.” P»y David (Uu., C.R, F.RS, &c., Her Majesty’s 
Astronomer at the Vixpo of CfOod Hope. Received April 14,— 
Ihmd Ai>ril 27, 1899. 

(PtATE 8) 

In a paper road licforo the Society on April 8, 1897, and in a sub¬ 
sequent iKipcr,t Mr. Frank McClean draws attention to the group¬ 
ing of lines other than those of helium and hydrogen in the spectra 
of P Soorpii, P Cams Majoris, Centauri and /:( Crucis, suggesting 
that the close correspondence between the grouping of these extra 
lines and the known linos of oxygen, points to the probable presence 
of that gas in the atmospheres of these stars. 


• J. Zelenj, *Phil, Mag.,’ July, 1808. 

A/wi 'Pwu* * wnl A.9 
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in fhf AtmoHphrrc'^ nj erriain /Viw/ Sfar^, 

In the latter paper he writes, “ The iiiorti i*eniarkal»lo rorrosiiondeiico 
is in the case of the largo group on cither side of II 5 . A slight 
shift of about a tonth^metro is required to liring the groups into identi¬ 
cal positions. However, the close similarity of the whole grouping ot 
the two spectra as they fippoar on the plate, ntlmits of little doulit that 
the extra linos actually constitute the spectrum of oxygen If this he 
established, the spectrum of the first division of helium stiiis would 
1)0 due to hydrogen, helium, and oxygen ” 

In hifl subsequent Mr. Mt Clean couehules, “ Taking everything 

into account, the succession of coincidoncos between the extra lines of 
/? Crucis and the oxygen spoctnim can only be accounted for on the 
basis of the extra lines being in the main actually duo to oxygon.” 

This conclusion does not, as yet, appear tt> ha\o boon fully accepted 
by spcctrohcopists, pai tly because, from the low dispeision used, the 
linos of the gioiips arc not sojiarately shown. It is vciy general I v 
known that the instrumental equipment of the Itoyal Obseivatoiv 
at the Cape, has locently lioen erinehod by a complete e<|Uipmcnt 
for Awtrophysical research, the whole being the mumheent gill el Mi 
M( Clean, F.U S 

The silt spectroscope, for attachment to the photogMpluc relractoi, 
reached the Capo in the middle of Januaiy last, ainl I lesohed that 
its first published work should deal with Mr. Clean’s interesting 
discovery. 

As a complete account of the instrument and its observatory will be 
subsequently published, it may be sufficient foi the present to state 
that the object glass of the photographic telescope has an aj>oi turo of 
24 inches and focal length of 22 feet 6 inches, its minimum focus 
being, at present, for rays about midway laitwecn II/j an<l Hy. 

The collimator of the spectroscope has an ajicrtiiro of 2 ^ inches aiul 
focal length of 22 J inches, so that a cylinder of paiallcl rays 2 inches 
in diameter falls on the pnsms, hikI the latter are of siifficiont size to 
pass the whole of the rays which foim the image of the spoctrum on 
the sensitive plate. The instrument m provided with two camcru- 
teloscopes of 2^ inches aperture, one being of aliout 36 inches focal 
length, the other of 16 inches 

Only the larger of the two camera-teloscopos have been employed in 
the after-mentioned observations 

There are two caab-iron pi ism boxes; one of thorn contains three prisms 
of about 60“ each, which for rays near Ily produces a deviation of 180", 
so that the camora-teloscopo becomes parallel in the reverse direction 
to the slit-teloscopc. The other prism i>ox contains a single prism of 
62’. The prisms in both boxes are fixed, without screw adjustment, 
in minimum deviation for Hy. The collimator is in the axis of a solid 
drawn steel cylinder—the latter attaching by a fiange at one end to 
* * Spectre of Southern Stare* (Stanford, Lbndon, ISOS). 
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the butt end of the telescope, n cast-iron plate attaching to the flange 
on the other end of the cylinder curries either one or other of the 
two prism boxes. 

The slit-slide and 60“ prism for reflecting the comparison spark on 
the slit (made on the plan of the Lick spectroscope) are contained in 
a strong cast-steel lx)x which is permanently attached to one end of 
the collimator tube. This latter is a very strong solid drawn steel 
tube, the external surface of w'hich has been tuniod and finished to a 
true cylindrical form, and it rests in proper geomotric*il bearings 
formed in strong cast-iron diaphragms, which are fitted inside the 
cylindrical laxly of the instrument. 

A powerful slow motion peimits the collimator to Ikj slid along its 
axis so as to focus the slit upon the image of the star at any required 
reatbng of the focussing scale. The object-glass of the collimator is 
mounted on the end of another steel cylinder which also rests on 
geometrical liearinga inside the outer collimator tube, and it is al.s(j 
provided with fine slow motion and a focussing scale Both these 
scales are illuminated at will by small incandescent lamps, and ai e 
read by microscopes which are accessible from the outside. 

The whole instrument can be enveloped in felt to prevent any but 
very slow change of temperature 

The comparison-spark apparatus is arranged with wide angle object- 
glasses, in such a w\ay that if the image of the spark shines on the slit 
the olijoet-glass of the collimator must be full of light. Numerous 
trials 111 all positions of the instrument have invarably given photo¬ 
graphs of the lines of the comparison spectrum of iron rigorously 
coincident with the corresponding lines of the solar spectrum, the 
latter being obtained by exposing the sht m diffuse daylight. 

The camera end with its focussing and tilting adjustments can Ihj 
attached to either telescope by a flange with bayonet joint. The 
focussing scale is divided to 1/10 mm., and the amount of tilt of the 
plato-holder is measured on a gradimted arc. 

As the largo teloscojK) is fitted with an object-glass prism of 24 inches 
aperture (which, when the slit spectroscope is in use, is folded back in 
the manner show^n in the frontispiece of Mr. ftIcClean’s ‘ Spectra of 
Southern Stars’), heavy counterpoises are required to balance the tube 
about the declination axis if the spectroscope is not attached. 

In designing the sht spectroscope I was thus not limitetl by the neces¬ 
sity for lightness m its constniction. The complete instrument weighs 
400 Ills., being almost exactly the equivalent of the counterpoises and 
focussing slide and camera, which are removed for its adaptation. In 
every detail the fittings of the spectroscope are designoil with the 
necessary geometrical limitations of freedom and iw so that no 
shake nor variation of adjustment can arise from imperfection of work¬ 
manship j that is to say, all the adjustments depend on adequate spring 
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pressure against the minimum number of necessary n'gid points of 
support. 

The object-ghissos of the spocttoscope were mmlo by Biashier, and 
are all excellent. The thioo dense ptisms were also made hy Biashier, 
their definition is very fine, hut the glass is rather yellow in colour, and 
produces groat absorption of rays more refiangible than Hy The 
single prism, by Steinheil, gives excellent definition, find the glass is 
much whiter than in Brashier’s prisms. The optical constants of the 
prisms have not yet been deterniiiied. 

The mounting was eonstnuted by the Cambridge Scientific Instru¬ 
ment Company to my designs, in the most careful and satisf.ictory 
way. I am greatly indebted to Mi. Horace Darwin for much care in 
supervision of the work and for some very ingenious and inipoi tan I 
improvements in deUiil which he carried out. 

Above all I am iiidobtcd to Mr. H. F Newall, who has tfiken iiih- 
mte trouble in making and testing the permanent adjustuicuth of the 
instrument and in supervising the airangement of its hnal deUiils. To 
him I owe the fact that the instrument ariivod at the Cape piactically 
111 perfect adjustment and ready for woik After a senes of pielmii- 
nary focussing trials hy NowalPs method,* a number of photographs of 
star spectia were made with the thvee-pnsm l)ox and long telesiojH; 
The present paper deals chiefly with the losults of measures of u 
photograph of the spectrum ot /i Ciucis and of a comparison non spec¬ 
trum obtained on March 15. The plate was exposed to the comparison 
spectrum of iron immediately befoie and immediately after the ex[K>- 
suro for the star specti urn (Sec Flate 8 ) 

Lines of the iron spoctium covci the whole exposed length of the 
plate from Fe A. 4187*99 to 4563*99, the lineai inter\ul on the plate 
between those lines being 70 367 mm. 

As a preliminary stop, the inter\Hls between successive piins of iion 
lines were meiisui'ed with the micrometer of the old Kepsoid astro- 
photographic measuring apparatus.! If 

A,'t is the interval between two adjoining lines in teims of revolu¬ 
tions of the micrometer screw, 

Aj and Aj their respective wave-lengths, 

A,n = 4(^1 + M AX = Xi - Xj, 

I found, to my surprise, on computing AX/Av for many difierent values 
of XfA, and plotting these on millimetre paper with AX/A,s as oi-dinato 
and X,,^ as abscissa, that within the limits of eiTor of plotting and 
observation the resulting curve was practically a straight line : in othdr 
words, the screw values can be represented by 

* * Konthly Notices, B, A.S voL 57, p. 572. 

t Betoribod by Bakhuyiou, * Bulletin du Cengr^s AatMgnphique/ voi. 1, p. 160. 
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Such it I.iw (fUi (inly lie Hj)])liCtible to «i limited pnilnni of the whole 
spc(.tium, loi it lb obvious that fur no Mihic of X tan AX/An be leally 
- 0 

111 oidei to test over wlut langc of the spectrum this law might be 
legalded .is suHuitJiitly ligoroiis, four solcetcd iron lines weie mcMhurcd 
III leims of the nulhmetie st-de which is atUdii'd to the lusUiiimMit, 
the diMsjon eiiois of which are known for each Tith milhmetio Foi 
toii\(Miienee tlie me.isures .are converted into screw i evolutions of the 
muionu'tor luiciosc ojic whith was used in ineasuving the sjicetrH, viz., 
1 re\olutioii 0 j mm 

>*i low Kt 'I 

X^ - Fo t:)83 91) 200 251 

X.- „ 4442 52 159 130 

A, - „ 4J82 54 101-802 




A, _ 

„ 4187-99 

59-520 


llcin c, 






foi 


wu have 

1 

1 "■ 

A., 


2 


^00043053 

3714 80 


Xj + X j 
2 

)l 

_ 2-7906^ 
As I 

I 

1 



X 1 ^ X. 


__ ^.23gjJ 

^0-0043573 

3722-08 

)» 

2 

J) 

1 



'I'hus for iiiteipolation lietwocii adjoining known iron lines the 
second differences, are practically constant over the lango of siiec- 
tiiim w'ith which we have to deal, and consecpiently the logs of (X - X^) 
\.fty proportionately to the measured intervals Ijotwoeii the lines. 

H this wcie true for the whole langc of our spectrum one 
would obtain rigorously accurate iiiteipolation as follows .— 
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Let tn\ Hiul m3 be the raicionieter leudnigti on uiiy two known IineH, 

„ „ „ for ill! iiiteiniedmtc un¬ 

known line, 

„ ki iind the coiiL*s»|Joiidiug wave-lengthb of the known linuh, 
then to iind Xj 001 responding to w'e have 


([X.- X„1 = [X,-X„]. (1), 

ifU - mi 

where the square bivit kels denote the logs of the included quantities. 

That the second diflercneeb fjf >XX'As for successive valuas of X are 
not strictly constant for the whole length of our spectium is show^n by 
the diffoient values ot // and X^^ obtained ^lbo^e. 

Tf w'c assume X^ a consuuit ^ 3718 and intei|>olate the Wti\ c-leugths 
of Xy and X 3 , by means ot our foiniula ( 1 ) wo obtain 

Xiiown Conujuterl Known— Comp uk'il 

X. 4425*52 4425 36 H-0‘16 

Xj 4282 54 4282 72 -0‘18 

The diffeiences “ known - computed’’ considerably exceed the proli- 
<ible cMioiK due to the oltstMvalioas .lud the small in.ieeuiswucs ot the 
determinations ot the fiindamenUl wave-lengths, thus showing that 
eiiors have been introduced by neglect of the small variations in the 
second differences of the successive values of SXjSs. 

It IS how'ever \eiy easy to take account of these \auations by com¬ 
puting ail auxilj.iiy table for dilleient \ allies of Xo with the argument 
Xi, Thu'-', on the assumption that X^ vaiics pioportionally to Xi we 
ha\e.— 


Mg. 


\ 

*0 

4100 

3732 

4200 

3727 

4300 

3722 

4400 

3717 

4500 

3712 

4600 

3707 


Taking Xo from this table with the argument ‘ approximate wave¬ 
length of the line, whoso definitive wave-length is roquiied/ wo find 
the intonuodiate wave-lengths accurately represented.* 

As well known iron lines are found within 30 or 40 tenth-metres of 
all the unknown linos, it is always sufficient for the purpose of intor- 

* I find that tho wavo-leugths of wlar lincB as measured by Campboll (' A. F. 
Journal,* October, 1808) are also very beautifully roprcsoi^tod throughout by this 
simple method of interpolation. 
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by our formiibi to employ the value of Xy from the above 
table with the argument -- 

In this way the wa\c4oiigths «)f the linos iti thospocUum of /i Ciucis, 
given in the following table (])p. 203—*201), have boon doterminetl;— 

Column (1) givcti the wave-lengths of all the known oxygon hues of 
intensity 3 oi brighter, between X 4.103 and 4575, accoiding to 
Neovina as wall as 'frowbiidge and Hutchins * 

Column (2; gi\esthe Avavedongths of all helium lines according to 
Range and raschen,! LOntained within limits of the spoctnim under 
obsei vation. 

Column (3) gives the results of my measurements of the nogatho 
of the sjicetrum of (hucis, thohc uiHlor hciid I being my first essays 
II the motisuicment of any photographed spectrum, those untlei 
head II being the results of my .second moasureinerit, including all the 
luios which could be detected under most careful and reiKiated sciiitiu}. 
l^ach result in senes T depends on two pointings, each in series II on 
four pointings 

The lines whose wave-lengths aio given to two decinifil jilatcs of the 
tenth-metio, wore me^vsurwl with a magnifying pouer of fifteen diaTnctcrs, 
those give to one decimal place uith a power of only thiee dlametel^ 
—the lines ol the latter class l»oing veiy faint and only tertainlv 
visible undei a very low pow’ci. When possdile, difleient iron lines 
were used in senes I and II for determination of the w'ave-lengths of 
the stcllai lines 

The observations Avere not ai ranged toi tleterniination of motion in 
the line of sight, but the exact (oincidcnce of the star line 1417*06 
Avith the air (oxygen) line, and the geneial agicement of the stellai 
hydrogen and helium lines with their knoAvn wave-lengths, tend to 
show that the relative motion of fd Ciucis to the Eaith on February 21 
did not exceed ± 3 kilometies per second. On that date the Earth in 
its motion round the Sun was moving towards fS Criicis with a velocity 
of 18 kilometres per second, and consoquontiy fi Cnicis is probably 
receding from the Sun with a velocity of 18 kilomoties ± 3 kilometres 
per second. 

The whole of the known helium lines within the measurctl range of 
spectrum aio unquestionably present, as also are all known oxygen 
lines stronger than intensity 4 

The exceedingly faint lines :— 

P Crucis 4253*9 may be coincident with Nuovius 4254*1 - 1. 
and H. 4253*42, and 

/i Crucis 4303'0 or 4304*0 may be coincident with Neoviuh 
4304*4 T. and H. 4303*8, 


• WstU, * Index of Spevtiii,* Appendix £. 
t ‘ A V. Juunml,' aoI. 3, p. 10. 
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but those coiiicidonces arc very aiul it is ini]>rohablo that 

such very faint lines Avonld bo rejiresented, Aihilst tlio iieighbonring 
line 4327*3, mterLsity 3, ih wanting on the photogiaph. 

The oxygen lino« of intensity t which aie w.inting, —^Ceovms 
4463*4 and 4467 8 are in a portion of the jspectiiim which is Home- 
whafc over ovposod, and this fact piobably accounts foi the non-appear¬ 
ance on the plate Possibly also the relative intcMisities ot the oxygen 
lines atthe tenipeiatnre and pressaro of the atmospliere ot Crnns may 
be dilfeiont from then i elalivo iiitoiiMtie'^ in the (.oiirlitions under which 
Neovius determined the intensities of the an lines (sj>ark spectrum). 

Theio remains howevei not the slightest dt^nbt, th.it all the stronger 
oxygen lines are piesontiu the spectnim of ft Ciiuis, at least between 
X 4250 and 4575, and this fact requires no fiiitliei labouitory experi¬ 
ments for lU establishment It is almost equally ^.eitain that there is 
no tiace of true nitrogen lines in this spectrum 

The only measured lines of /J Crucis near known nitrogen lines 
are .— 

Neovius 43il*8 Tnteiisit), 16 Ciucis 4342 6 

„ 4523 0 „ 16 „ 4522 84 

but It 18 improbable, although not impossible, that nitrogen lines of 
intensity (1) should lie present wluht the strong nitrogen line 4507*7, 
of intensity 6, is absent 

Besides hydrogen, helium and oxygon, the H])ectium of ^ Crucis 
shows the probable pn*seneo of carbon (4267 2) and niagiiosiun 
(4481 17) Those hues were not included in the fiist measuremont, m 
the former case because the hue coiihl not be ilistiuctly scon with the 
higher power, in the latter because I ^vas doubtful ot the oxiatcnce of 
the line on account of a slight tlefoct in the film at that point, but 
other negatives coiihini its existence A contact positive from the 
original negative of the spectrum is sent herewitli for leprcMluction. 

The spectra of /f Crueia, /i and c Cams Majoris, and probably 
P Centaiin are all practically identical. They all contain the three 
unknown strong lines 

4552*79 
4567 09 
4574*68 

besides the probable magnesium line 4481*17, the lines of hydrogen, 
helium, the stronger oxygen hues, and the probable carbon hue 4267*2. 

Farther luveBtigations on this clays of stars will be subsequently 
commimicated; in the meanwhile I forward also for I'cproduction a 
contact positive from a negative of the spectrum of e Canis Alajoris 
taken on March 15 with the single prism, in which the slit has l>een 
focussed for lays of about X 4080, and with a comparison spectnim 

VOli. I.XV. H 
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from iui oxygen tulm, a leyclcn jar ami air space being introduced in 
the secondary circuit of the Ruhmkoiff coil. (See Plate 8 ) 

This photograph shows the coincidence of stellar hnob with the 
group ot tlireo strong oxygen linos, viz *— 

yioTiii'i T imil U. luteiiiitv 

407G 3 4076 19 9 

4072-4 4072 34 9 

■1070-1 4070 24 8 

anrl other iioighh<juring oxygen linos beyond the range of the three 
pnsni tiain Tlie lines are all displaced towaids the red by motion. 

On March IH the Eaith by its motion round the Sun was receding 
from c Cams ]\Iinons, with a velocity of 17 Icilometres per second, 
W'hich Hgices wnth the direction of the displacement of the oxygon 
lines. Theie has not \-et been time to deteimine the constants of the 
single prism s])ec trosccjpe, but this dooh not alloct the (luostion of the 
identification of the oxygen hues in the spectrum of t Canis Majons. 

The plates of the b[)Octra of Crucis and « Canis Majons w^cro 
exposed and dc\elopctl by my assistant, Mr. J. Lunt 


« June 1, 1899, 

Annual Meeting for the Election of Fellows, 

Professoi T C BONNEY, Vice-President, mthc Chair. 

The Stalules i elating to the Kloetion of Follo-ws haMug been read. 
Dr A. A. Common and Di J. H, (Tladstono wore, wntli the consent of 
the Societv, nominated Scrutators, to assist the Secretaries in tho 
examination of the balloting lists. 

The votes of the Fellows present wore collected, and tho following 
Candid,ites w'cro <locIai'ed duly elected into tho Society — 

Barrett, Professoi William 1 Morgan, Professor Conwy Lloyd, 

Booth, Chailes, D Sc ' F.lx S. 

Bruce, Da\ id, M,ijoi It A M C . lieid, Clement, F Ct S 
Fenton, Heniy John ITorstman, Starling, Ernest Henry, M D. 

M'A Tanner, Professor Henry William 

(Tamble, .Lames Sykes, M A, Lloyd, M A. 

Haddon, Piofes'ior Alfred Cort, Threlfall, Kichaul, M.A.' 

^LA Tutton, Alfred E., B.Sc. 

Head, llonry, iM D. Windle, Professor Bertram Coghill 

Hele-Shaw, Professor Henry Sel]>y, ' Allen, M.D. 

M.Inst C E ' 

Thanks wjre given to tho Scrutators. 
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Jtnie 1, 1899 

Professor T. G BONNEy, Vice-President, in the Ch.iir 

A List of the Presents received was laid on the tiible, tand thanks 
ordeiod for tboin. 

Professor Ludwig Boltzmann, Professor Anton Dobrn, Professor 
Emil Fischer, Dr Georg Neuma 3 ’'er, and Dr. Alclchior Treub, were 
balloted for and elected Foreign Memlicrs of the SoclotJ^ 

The following Papeis wore road — 

I “The Parent-rock of the Diamond in 8outh Afiica ” By Piofossor 
T. G. Bonney, F.KS. 

II “ Experimental Contributions to the Theor^-^ of Heredity. A. 
Telegony.” By Professor J. C. Ewart, F.KS^ 


" The CImracteiistic of Nerve By Ani-USTUS D. Wallku, M D , 
¥,ll R. Becoivod Felnuaiy 3,—Head Fclmiaiy 16, 1899. 

The object of the present preliminary" scries of ex])cnments was to 
determine whether the extiUduhty (or, as I should prcfci to say in this 
connection, the niolnJity^) of living matter can be gaugetl by- the rate of 
impact of a mobilising stimulus, in other words, whether, for various 
kinds of more or less mobile protoplasm, an optimum stimulation- 
gradient can bo found, alKive and below winch the curve of stimulation 
is loss perfectly adapted to the movement caused by stimulation. In, 
r,(f , the case of the rolling of a ship, there is an optimum wave-length 
and wave-face outside the limits of which the “ mobilisation ” is less 
than maximal. And just as the optimum wave-length giving greatest 
movement by least energy harmonises with and gives therefore mea¬ 
sure of the oscillation-ponoii of a particular ship, so the optimum 
gratlient of mobilising energy producing greatest excitation by least 
energy, might be expected to give measure of the excitation-perioil 
pioper to a particular tissue, awl to charadensr that 

The best instrument at our disposal for an examination of this point 
is obviously a condensoi, of varied capicity, charged at variotl pres¬ 
sure. This method of excitation has been put into effect by several 
previous observers. Chauveau(l) first systematically studied the “ law 
of contractions,” and demonstratod upon frog’s tierva that the make 

11 2 
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excitation is kathodic. Dubois (4, 5), of Bern, studied the law of con¬ 
tractions upon human nor^e, and came to the conclusion that the 
gi'eater and smaller effects of condenser discharges are governed by the 
i^reator and smaller of electricity in play Hoorweg (11, 12), 

Cybulsky and Zanictousky (0, 10) studied tins efforts more closely 
upon frog's iierve, the first-named observer coiicliuied that the effects 
are a function of , while the last two olwervers, from very 

similar olisoivations, concluded that the magiiitndo of excitition is a 
fiinctjoii of rnntfii. iSalomonsen (8), Boudet (2), an<l D'Arsonval (C, 7) 
come to the same conclusion, and the last-named obsci\er makes use of 
an cxpresbiou—“ la characteiistn|ue do l’e\Litiition ”—very similar to 
the designation that I had been independently led to adopt, in ignor¬ 
ance of its previous use in a different sense 

The problem is, T think, to lie conKideied from the following a prion 
point of iloparturo —A stimulus arouses eviit.ible matter by reason of 
its actual energy and not of its mere ijUaiitity A \\ eight pn sc is not 
a stimulus, but a weight diopperl fiom a height acts as a stimulus that 
is to be expressed in terms of energy One gram fallen through 1 cm. 
strikes and stimulates with an actual energy of 1000 (or more precisely 
281) ergs. Similarly, as regards the electrn al stimuli afforded by the 
(charge or) discharge of a comlonser, it is neither the (juantity (cou¬ 
lomb) nor the pressure (volt) that alone gives measure of the stimulus, 
but the energy (tioule or 10" ergs) of that qnanfity at that pressure 
A nerve (or other excitable tissue) may be struck unrl stimulated by 
an electrical energy of so many ergs And wo are adequately 
acquainted with the physiological value of a stimulus when we 
know.—First, its alisolute value in ergs or fraction of an erg Second, 
the rate at which such energy impinges upon and sets in motion the 
exciUblo molecules under investigation. 

The absolute value of a true minimal stimulus in ergs or fraction of 
an erg, is asccrtiinotl by determining the optimum capacity and vol¬ 
tage at which a miiunial response is obtained The energy E in ergs 
=- 5 FV-, where F is in microfarads and V in volts 

Its rate of impjict depends upon the late of (charge or) discharge 
V 

— X a constant, where li denotes the resistance m circuit iii 

H K 

ohms, and can therefore be expressed by a number that will bo higher 
or lower according .is the rate of <lischarge is greater or smaller.* 

• 'With the same units an above, and with the unit of time = 10“« second, the 
constant is 0 8087. In the subjoined data it has been taken as 868700 for the unit 
of time 1 second. 

For certain ends il is convomeut to indicate tlic nite of discharge of energy by 
stating tho time necessary for its fall to any gnen frnction 1/a of its original Talne, 

according to tho formula i — ; ^,9, i^ith a tapaoity of 001 microfarad, 

ss loix« 
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The miniber of the true mminial stimulus at optimum capaoitj^ and 
voltage, is what I propose to designate us the ehariict oris tic, or other¬ 
wise stated—the charattoristic is the consUmt of the ciuve of the 
smallest discharge of energy that can jirovoko movement, or of the 
discharge of energy provoking greatest movement. 

By suitable adjusl merit of tapacity and voltage we may olitain the 
discharge of any dcsiied energy—at any diisircd r.ite, if we also know 
the resistancHS through wliicli «l]seharge is made From a small con¬ 
denser at high \oltage, and from a Luge condenser at low voltage, we 
may obtain the discli.irge (of (‘(pial quantities or) of equal energies, 
but in the fiist case r!i])idl\ ami in the second case slowly. ^\o may 
so adjust capicity and voltage, as to dehvei constant energy in a 
senes of curves of varying steejmess, and find by oYperimeiit the 
more or less precise limits of htoepness between which the motion or 
excitation is greatest 'Die number dciiotmg th.it steepness of energy 
discharge by which a nerve is most economieally molulised, signilies 
the optimum adaptation of excitation to excitability, and is its chaiac- 
teristic At that numlu'r the iiotve is excited by the minimum of 
energy With a stimulus of higher or lower number, moio energy is 
necessary to produce an cqiwl eftbet 

Taking either a senes of stimuli of giveii energy, but of varying 
gradients, as in expciimcnts I and t), we are to observe <ib w^hat gra¬ 
dient the maximum eflbct is piodnce<l Oi as in oxpeiiment 2,making 
a aeries of trials with varying amounts of energy fiom varying 
capacity and voltage, w'c are to observe at what minimum energy 
dischaige the smallest perceptible eflect is puxlucod, and thence cal¬ 
culate the characteristK’, 

And oven without actu.illy detormining the churac* tons tic by means 
of its upper and lowei limits, vco may often usefully Hsccitain whether 
it 18 alx)ve or 1>g1ow a lowest oi highest constant at the end of a series 
of experimental ilata Thus in experiment C, a minimal energy has 
not been reached, and we cannot thcieforo say that the characteristic 
has been determined , w^e know however, that it is less than 10*4. In 
experiment 4 the char.ac tens tic, as delincd ahov^e, has not been actually 
11382 and 0*6 since the stimulus has not been truly minimal; but 
these values have been those of the constants of suitable stimuli not 
far from minimal, ami we know theiefore that the charactenstic has 
been nearer to the higher value at high temperature, nearer to the 
lower value at low temperature 

a rOBistanoe of 100,000 ohmfl, and l/» =• i, tho iinieof disoliarge of J of the original 
energy is 0 000003 sec. If the voltage under which this discharge takes place is 
0*2, the original energy is 0 002 org, and Iho number indicating its rate of disoharge 
is 174. If 0 01 mf. and 0 2 v should be the optimum capacity and voltage of a 
nuniixial effect by excitation of a given nerve, t.e, a true mmimal or optimal 
mmimal stimulus, then the number 174 is the characteristic of the nerve. 
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Strictly speaking, the term minimal stimulus in, e,g,y experiment 2, 
applies only to the two values 0 001131 org and 0*002 erg in the two 
groups respectively, since in these two cases only is the energy of 
the stimulus at Us minimum. 

But in iic con lance ^vith ordiruiry testa by induction currents, the 
terra “ iniiumal ” is apj)Iio<l to stimuli that are certainly not of niinimal 
energy, but that produce minimal effects And in this loose souse all 
the trials of the aliove groiipa give minimals, in the fiiat group nuni- 
mals ot effective capacity at the several voltages, in the secouil gi’OUp 
minmiala of effective voltage at the several capacities. 

The araliiguity may be provisionally neutralised by making use ot 
the expression “ optimal minimal ” for the tiuo inimrnal stimulus qaa 
its energy value, and by avoiding use of the term minimal for stimu¬ 
lation by induction shocks, or by oondeiiscr discharges of a gradient 
above or below the optimum or characteristic gradient. 

The vuilml followed will bo most readily understood by considera¬ 
tion of the diagram. 

(a) The apparatus for excitation, composed of battery, condenser, 
and a Morse key, is connected with the nerve of a iimvo-musclo pro- 
piration by unpolaiibablo electrodes, the nrcmt being arranged so that 
charge of the condenser is at contact f/, and does not traverse the nerve, 
while discharge is at contact b, and alone traverses the nerVe IKiring 
excitation the key Ki is closed, and the key open. 

(b) The apparatus for measurement of resistance, composed of 
battciy, Wheatstone l)ridge, and galvarionictei, is connected with the 
nerve by ojicning the key Ki (and closing the key K^) 



t,a. - 


To obtain fractions of a volt the disposition figured in the smaller 
diagram t was adopted. 
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The mtiscular contraction was watched for, and occasionally recorded 
in the usual way. 

As regards the human sulijoct, the circiut was as Imfoie, a Stohrer’s 
battery up to 60 volts l)eiug used to charge the cundcnsci One large 
eloctro<lo (the “ nuliftercnt ” electiode) was strapped to the alKhmieu , 
a second snudl electrode (the “testing” electrode) was fixed u\er an 
accosBiUle nerve, such .is the ulnar, median, or jHironeal. 



To illaatmto rtilc of onerj^y disrluirgo uml npproximuto jruulienta whk^n the 
con»tanthas notions thmi twu nor nioro than throu tiJijitB Ihe shidcd 

aroB indicate*) rango witliin winch llic iiervo rharactin'.tK must Imvo tullen 


The procedure was of three types —(1) To t^ike a senes of com- 
Linatioris between ^ oltago and capacity, so as to deliver constjnit energy 
at various lates, (*J) to take a senes of voltagt*s and find for each 
voltage the smallest capacity at which contraction was \mble; (.*1) to 
take a series of capacities and find for euLh capacity the smallest voltage 
at which contraction was vibible. 

The first plan has the considerable advantage of permitting the use 
of a myograph. It is chiefly serviceable for the purpose of a pre¬ 
liminary onentation, t e , when it is desired to find quickly the rango 
at which the charui’tensUc is to be looked for. Having obtained .a 
minimal effect with any given voltage ami ca]itxcity, the next test is to 
be made with half the voltage and four times the rapacity, i c., with 
the same energy as before, but with that energy falling by a curve 
with a constant equal to oncreighth of the constant of the previous case. 
If the effect is manifestly greater, the voltage is again to be halved and 
the capacity quadrupled from the starting point of a new minimal 
effect. If, on the other hand, after the first step in reduction of the 
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constant, there is no effect at all, a test is taken ui the opposite direc¬ 
tion, with floiiMo tho MtlUge and one-fninth the capacity, with 
the consUnt of the original energy curve multiplied by eight. 

Tho Becond plan affordh a rapid suivey of the wliolo field of stimula¬ 
tion. When eneigy is varied by vaiialion of \oltago at any given 
capacity, it vanes as Aoitage sijuured, and the constant of its curve is 
augmented diieetlv as the voltage Tho step from maximal to sub- 
niinimal stmmlatinn is toniparatnely laige ivhcii we test at a series of 
diminishing ainl a voltage ls souri leathod at which no 

incieasc oi capacity, hu\M'vei great,can Ining out an eifective stimulus, 
the cohstfiiit of the energy cui vo lioing lowered as capacity is increased 

Tho thud plan is useful only for clo.soi detcinnnatiori of an optimum 
gradient, mIicm the i.inge nitliin wliidi it is to bo sought for is .ippioxi- 
mately known When energy is i.ined bv Naiialion oi cajwicity at any 
given \oltagc, it \anes diioctly as lapacily, but the constant of its 
curve diminishes as capacity is incieased, , a small inclement of 
energy is obtained id a ieduced gra<lient, aa compared with a largo 
incicmoiit of (*nc’gy at a laised giadiont obtained by increase of 
voltage. 


Kxp. 1.—Ner\c-mus(le rrcjuralioii I'esi^t.iiue of Non o +Electrodes 
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VoU 

The coiibUnt of the optininl niinnnal sfl.iUiliis (/ r, the LhaiMctenstK*) 
is 130. The energy f.ills to \ of its original value in ncaily bce 
The aecoiifl pttrtion of this evpeiiment, although less typical than 
the first, exhibits a Minilai (haracter The nnmin,il btiinulus is highoi 
and of highei gividicnt, Imt further experiments will ho lequired 
before we may admit this latter change to he othei* than an accidental 
effect In othei exfienments there has hcen diminution of minimal 
stimulus \Mth lower gradient 
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Exp. 2 —Frog. Sciatic Nerve. li = 80,000 w.* 



Capacity 

in lllKTO- 
fnradn 

F 

t 

PrCMsure 
m voUh. 

V 

- 

Quantity 
in innro- j 
<*oulomb» 

1 

FV. 

Energy 
m ergH. 

5EV-. 

. 

Constant. | 

C. 

1 

Tune of fall 1 
of energy * 
to i of its 1 
original | 
value , 

^ i 


i 0 0003'5 

1 *44 

0 *000504 

0 003029 

44700 

sec. ! 

I 0*000039 t 

1 

0 iXX)fio 

0 72 

0 •0(XX112 

0 002203 

9200 

1 0 *000047 . 

Opt 1 

0 00200 

0 3fi 1 

0 *000720 

1 0 00129(! 1 

1950 

0 OOOlll 1 

o *00700 

o‘ iH 

0 COl 2^>0 

0 0011^4, 

270 

0 *000188 1 

Xo oUVm t. 1 

0 05000 

0 00 1 

0 (XM500 

|0 0020251 

19 

! 0 002770 1 

10 oorMjo 

1 0 015 ] 

0 450U00 

0 *101250' 

0 05 

0 554UU0 i 

1 

1 

0 0001 

.'I 00 

1 

0 *0005 

0 012500 

'543000 

0*000005 

Opt 

0 0010 

1 00 

0 OOlf) 

0 0050<K> 

10850 

1 0 0(XX)66 

0'0100 

0 *iO 

0 OOiO 

C ‘Ol'^OOO 

217 

1 o*ooo*;i;4 


0 1000 

0 13 

0*0130 

0 007450 

14 

0 005640 1 


1*0000 

0 10 

0 lax) 

1 

0 0.50000 

1 

1 

0 055400 j 


Exp 2. 



of 7Vj/|/)n fi/i/ir.—The (‘haractonatic of nerve is very sonsitive 
to alterations of tempcratine, being raised by high temperature (30"), and 
depressed by low tomperaturo (S'"). Gotch and Macdonald have shown 
that stimulation of nerve by ])re{ik induction shocks is favoured by heat, 
disparaged by cold, and that stimulation by the constant current is 
favoured by cold, disparaged by heat (13) t The present experiments 
show clearly that short stimuli (energy curve of high number) are 

• In the first, groxi)^ of tnnU given voltages are t^kon, and tKo mmixnuni effec¬ 
tive oapaoiticB Bought for The thawtenatie « 270. 

In the second group given eapncitios are taken, and the miuimuin offeotive volt- 
Agea sought for The chnracteristic -i 217, 
t O. and M. allude to eoudenBer exeifution, hut did not employ it correctly 
They Bupponod that a fihort ” niiuimal stimulus could be obtained from a con¬ 
denser of 0 5 microfarad. 
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effective at high temperature, ineffective at low tomiicrature, while long 
stimuli (energy curve of low number) «iro effective at low temperature, 
ineffective at high temperature. 

These results indicate further a point of probably ronai<hTablo bio¬ 
logical significance, iiwismiich as the cluuiictcnstic of frog’h nerve at 
high temperature is found to approxiniato to that of nianmiahan nerve. 
Thus, whereas the cliaracteristic of fiogs nerve at room temperature 
(16“ to 18°) IS reprcscntorl by a numbei of three digits, and that of 
human nerve at normal temperature (37 ) by .i number of five digits, 
the approximate charcactenstic (i r , the constant indicjiting the gradient 
of a huitablo stimulus) of frog^s nerve at higli tcm]jeraturo (30") is also 
expressed by a number of five digits These and other data are 
tabulated in the concluding summary. 
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For the first trial at 3:1“ the voltage in taken at 1*4*1, and the minimum 
efibctivo capacity is sought for and found to 1)0 a little Kdow 0*0015 

In the second trial at 5®, the cap.u*ity is taken 0 5, and the mini¬ 
mum effective voltage is sought for aiui found to be a little lielow 0 24. 

The first or shoit stinmlus is imraerhatcly rendered ineffective by 
cooling. 

The second or long stimulus is irametbately rendered ineftectivc by 
warming. 

• In oxpenmonU 3 and 4 the clinracteristio proper lias not l»oor> detemiiiied, 
but only the constants of a short and longc'ur\oof njininml but not optimal minimal 
•timuh. An optimal minimal stimulus is n'ndorod ineffective by heating and by 
cooling. The alterations of resistance by altoiations of temperaturo have not been 
taken into calculation. Such alterations would, liowever, have only intonsifled the 
contrast already apparent between sliort ami long slimuli, m accordance with the 
following numbers - 
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Exp 4 —Effects of High .and Low Tomperaturo upon Characteristic of 

Nerve. 
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The method of trial was to start with given \oltage and find mini- 
mum effective capacities. 

Ill the first group of tnals the charucieristic is 2105 ; in the second 
it is 613. 

The constants of minimiun effective stimuli at various voltages are 
higher in the first than in the second group. 

Short stimuli are relatively more eftectivo in the first gioup, long 
stimuli m the second group 
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Exp. 6.—Cat. Phrenic Nerve. E = 30000 w. 
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Bihhogmphy. 
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Gem'lle, ISOl 
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9 C’^bulnky iind ZiiniotowHky “ Nouvollo niethodo d’ex.eitHtion clectnque, &e'* 

‘ Cbt f Plu-'iologie,’xol 0,1892, p 1G7 ‘ RuU de rAoiid dcs Seioncoa do 

('mtovie,' Avril, 1891 

10 Cjbulek} and Zaniotowsky “ Ueber die Anuendiing dos CondensutorB zur 

Riizung tier Nervcn, Ac /’ ‘ Pllugor's Arcliiv,* vol ofJ, 1894, p 45 

11 noor\M'g “ Ueber dio eloktriBcUc Nervenerrcgung,” ‘ PAuger's Arcbiv,* 
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ologj.’vol 20 , 1806, p 286 


Addoiuluin iecoue<l Fel)ruaiy 10, 1899 

Srnstficf(t(fi if l>hnmh. 

Ill the iittcnipt to iliiLornmio a “ charge to rib tic ” of various mo(ios 
of faoiihificatory stimulation, I oncountored the doubt, and, therefore, 
difficulty, inherent to all investigations whore the experimental 
entenon is a subjective one— hy appreciation of minimal sensation. 
Tins Itroad distinction was, however, clearly apparent, that whereas 
for seiies of stimuli of motor nerves the minimum exciting energy 
<lecre.*tsed to a minimum from which it rose again (rliminishing voltiige 
and increasing caiwcity), the energy of sensory stimuli of increasing 
duration decreased indofiintely towards a minimum value. Within 
the limits to which my experiments extended, decrease of energy was 
made up for by increase of its duration. 

Testing on the human subject for minimal felt effect, by looking for 
minimum effective capacity at a scries of given voltages, I found it 
difficult to distinguish Ixjtwccn apparently different qualities of 
minimal sensation. In the ctiso of cutaneous nerves, it was generally 
impossible to say whether the smallest “ something felt ” was directly 
cutaneous or directly subcutaneous, or indirectly subcutaneous, by 
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reason of some muscular contraction In the case of thcf ej’O it was 
often difficult to toll whether the smallest “something felt” were a 
slight common sensation or a slight phosphene 

In the case of the eye this point, however, came out with satisfactory 
distinctness, \iz , that low in the energy senes, i v , with longer stimuli 
by lower \olUge at gicater capacity, the sdbjoct of expennieiit is 
more conscious of a “ flash ” (optical sensation) than of a “ stab ” 
(eoriinion sensation), whereas high m the energy senes, viz., with 
shot ter stimuli by higher \oltago at lower capacity, the subject feels 
a “ stab ” (common sensation) more readily than a “ Hash ” (optical 
sensation). This indicates that longer stimuli aie licttci adjusted to 
the excital)ility of the retina, slioitei .stimuli to the evcitalality of 
common sonsoiy terminal organs. 


Kyeliall, U = 12000 ohms 
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This principal conclusiun is confirmed by cxpoiiinentH conducted on 
the first plan of procedure, \iz., by testing uith stimuli of equal energy 
VOb. LXV. s 
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at varioua gradients. To this end I found it convenient to first settle 
u])on ii minimal sensation at a given mean voltage, and then to make 
two further trials, one at half the voltiigo and four times the capacity, 
the other at double the voltage and ono-fonrth the capicity. Each 
group of three tests was thus at the same energy, hut with the con¬ 
stants of the three discharge curves in the jiroportion 1, 8, 64 The 
minimal sensation having been settled with the constant at 8, it could 
ho inferred from equality or inequality of the effects at higher and 
I6wer constants, whether the constant of a fitting stimulus lay above 
or lielow either of the two extremes. 
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To verify the statement that at equal energy retinal stimulation pre- 
doramatcB when the gradient is low, and common sensory stimulation 
when the gradient is high, it is preferable to take stimuli alxive the 
minimal and with larger difference of gradient, as e g,, in the following 
experiment.— 


Anode on Eyeball. Kathode on Abdomen. R = 9000 ohms. 
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“TIio Varcnt-rock of the Diamond in South Afriea.” Jiy Ih'ofessov 
T. a Bonnev, DSc, LLD., VBBS. lioeeived May 1,— 
Read June 1» 1899 

So much htiS hcoii writ tan on the occurroncc of diamonds in South 
Africa that a very few words may suffice as preface to this communiration 
References to many papers on the subject are given in ‘ The G(‘nesis 
and Matrix of the Diamond ' (1897), by the late Professor H. Carvdl 
Lewis,* and others h.ive been published since that date.t It may 
'suffice to say that the <liamon<l, first discovered in 1867 in gravels 
on the Orange River, was found three years later in certun pecu¬ 
liar deposits, which occur locally in a region wlicre the dominant 
rock IS a dark shale, sometimes interbcdiled with haid grits, or h'-^o- 
ciated with igneous rocks allied to basrilt. These deposits otcupy 
Jireas irregularly circular in outline, and bearing a general resendilaiice 
to volcanic necks The diiimantifeums material, ueiu* the suifficc, is 
soft, yellowish in colour, and obviously much decomposed; at a greater 
depth It assumes a dull greenish to hliush tint, and becomes hriider 
At the well-known De Beers JIiiic, near Kimberley, the works in 1898 
had been carried to a depth of about 1,500 feet, and the diamaritiferous 
material, for at least the last 100 yards, wiis not less hard than an 
ordinary limestone It has a breociatefl aspect, the dark, very minutely 
granular, matnxlieing composed mainly of seipontine (almit four-fifths 
of the whole), and of a carbonate of lime (with some magnesia and a 
little iron). In this matrix are embedded grams of the following 
minerals —Olivine, euhtatitc, smaragdite, chrome-diopside (oniphacite 
of some authors), a brown mica, garnet (mostly pyrope, but more th.in 
one variety observed), magnetite, chromite, ilmenito, with bcveral other 
minerals much more]^sparsely distributed. 

Rock fragments are also prchont, variable in size, but commonly not 
exceeding about an inch in diameter, as well as in ipiantity. These, 
occasionally, but not generally, are rather abundant. In bome cases 
they are chips of the neighbouring black shale, but in others they arc 
greyish-coloured with somewhat of a porcelain aspect. The latter are 
generally subnangular in form and externally banded or liordered with 
a darker tint; crystalline rocks have also been noticed, though these 
appear to be far from common, such as granite, dioritc, and varieties of 

• Kdited by the ppoaont writer. 

t Jule* Oarnior, ‘Geol Soc. South Africa Trans.,* 1897, p. 01; II. S. Harger, 
ibid, p, 184, goe also W. G AthorBtono, iltd, 1896, p. 76 1 L. De Launay, 
*0oinpt. Bend.,' rol. 125 (1897), p 335. Tlie last author, m *Les Diamante du 
Cap* (Paris, 1897), gives a very full account of the minas, but an even better one 
will be found in Max Bauer, * £delstein kundtf * (Leipsig, 1896, p. 208). 

s 2 
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oolngite * As to the genesis of the diamond, more than ono opinion 
has heen expressed. Professor Lewis legardod the matrix as a jKnpliy- 
ntic form of pendotite, once a lava, now 80vpentimsed,t in which the 
diamond had lieen formed hy the action of the molten rock on some 
(.iibojuccons matinlal (pro])al)ly the Karoo shale). Others regarded 
the matiix as a tnio luoccia, com paling it with the agglomerates in 
M)U(iinc locks Tint among the lattei, .some tliought that the diamond 
had itecu produced fu sifn by the action of steam or hot water in a 
subsc(|ueiit snifatanc stage of the lolcano, while others (imlading 
iii\s('ll) held that it had l)cen foimei], like the garnets, jiyroxenes, t^'c 
Ill some deep-seated liolotrystidline mass wJiich had been shatteretl by 
e\plo.sif)iis I 

'Fhe specimens which I am about to des( ribe were obtained at tlie 
Xev lauds .Mines, West (TTiqualand ^ tiom 40 to 42 miles from 
Kimbeiley, almost due N W. Heic the workmen occasionally came 
acioss wcll-ioundcd boulder-liko iiifisses of rather coarsely crystal¬ 
line roek, studded with garnets, whu h are sometimes about a foot 
111 diameter Specimens of these weio found or obtained by Mr. G 
Tiubcnliacli, tlie London maiiagoi of the Nowlands Diamond Mine 
Company, during a visit to the mines ni 1897 His interest hiul 
already been ai oiised liy pieking iijia specimen, pieaontly to be noticed, 
lit wliidi .some small diamonds occurred, veiy closely assO( lated vutli 
a gaiMPt, so the bonldeis were brought back by him to England On 
(aicfnl ex.imination a small diamond was detected on the .sui face of one 
of these Oil breaking the bouldci otiiors were levi^aled. The most 
interesting fiagniont was sent liy Mr Tiuhenbaeh to Sir \V. Crookes, 
vihu showed it to me Examination with a hand lens convinced iiie 
that the jock could not bo a coiuiction of tlie “ blue giound,” Init was 
luily holociystalbno and allied to the ctlogites Sir W Crookes 
geneiously waiv'cd Ins owui claim to study the specimen, and obtaineil 
fni me peiMiissiou from Mr Trubeidiach to have slices cut from it I 
gladly take this oppoi tunity of exprcssuig my giatitilde to both gentle¬ 
men , to Sir W (.b’ookes, for allow^iiig mo to cany out this uitorosting 
iiiv'estigation, and to Mr Trubeubachloi his great 111)Ci allty in placing at 
my disposal a considerable suite of specimens (including other boulder's) 
fiom tlie New lands niiiieH, and for the troiililo which he has taken in 
iifioiding me the ncccbsary infonuation 

* V W Slobncr, * Sit/unt^^bor u Abhandl tier Ibis' (Drcsiloii), 1893 (April), 
p 71, caIIh tttteiilion to th(> fai't tbat these bIiow signs of attriliuii unit that Ihev 
r.nigo in size from a few ruble millimetre^ upwards, being sunietimes large Moulders 
Among till) materials (at KimborIe\) be mentions both granite and eclogiLo. 

t For the loek itself he projiosed the name ** kimberlite ” 

X In other words, that the voKano (as oee.isionall;^ bus happened) had ejected 
little or no lauior b( oria, di‘»chaiging onb Mourn and hot woter, with shattered rock 
Ihis uow 18 held by Max liaiier, in * Kdolsleinkiindo,’ p 225, which, however, 1 
had not seen when thi<j paper was wulten 
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Prior to the diecoveiy, ]ust Jtiontioiie«l, one or two instfinces 
occunod at the Do Beets Mine of a diamond appiiieritly enclosed by 
or projecting into a pyropc. One such, the garnet being the si/e of ,i 
rather largo pea, is m the eollecaion .it Fieiberg (Saxony), to whidi it 
was presented in 1892 * 

The specimen found by Mr. Trubenkich at the New lands mine, w as 
a piece of blue giound, wnth a p^iope projecting fioni one .ingle 
A small, apjjarently brohen, diamond seems embc<lded at the top 
The others (live) are well eiystdlised, two on one side, three .ilmost in 
conUct on the other The pyrope (whieh has a kelyphite iim) seem- 
10 1)0 indented by tw^o, but to haMi once included the others, as the} 
are in contact with the umdteied miiieTal. Wo weic thus In ought so 
iar as to asaociJite the diamond wnth the pyrope, tliongh tins pro\o<l 
no more than the jneseiicc of gainets in the jMient if)ck of the dniniond, 
.ind thus made the cclogite (filrcady known to occur) highly pioiiable, 
lor, as observed by Professor L* Bcekt, the siiecimcn itself is )»lu(‘ 
ground. In coiifirruatjoii of his statement I pnlveiised a fragment,J 
and had that the powder coriosiMinds with the matrix of the blue 
gtoimd wdien similarly tre€ited The Latest discoveries enable me to 
complete the chain of evidence 

E(hnfiic Jlitnhln'i unthnniiaf huunumh 

The first named, that containing se\eial diamonds, is a fiagment 
(perhaps from a qnaiter to a thinl) of a lamlder, which pioliably w’Un 
ellipsoidal in shape, two of the axes being ncaily equal .and the third dis¬ 
tinctly the longest. M'^e may infer that it wiis rounded from a roughly 
rectangidar block, since the curved surfaiea are slightly flatter in the 
middle parts The axial lengths in the fragment (pnor to removing .a 
piece from one end) weio approximately 4 in liy 3 in. by 2 in. 
The rock is coarsely granulai, .ipjiarcntly composed of two green- 
coloured minerals, one darker than the other (possibly only diltercnt 
states of a single mineral), and of rich rosin-pink coloured garnets, 
varying in size from a hemp seed to a pea, w^th slightly irregulai 
<listnbution. The outer sin face of the boulder, except for a very small 
“step” on one side, is smooth, the gaincls barely, if at all, projetting. 
The latter are covered with a rather sott, dark skin, sometimes slightly 
thicker than the thumb nail, which often has pirtly fallen ofV. This, 
as can bo seen on the liroken siu’faces, becomes less conspicuous in the 
inner part of the lioulder, and is sometimes invisible to the unaided eye 

• A. W. Stolzner, * Sitzunf]i;bor der Isis *u Dresden,’ 1893, e. 85, and R. Reek, 
'Zeitsch. tOr praktuclie Geologic/ 1898 (May), p. 163. 

t Vi raprd. 

t I could not adriio Mr. Trubenbaeli to Imre a slice cut from the specimen, as 1 
feared it might be injured, but ho kindly detached a little fragment from tho oppo 
site end to that named nboic, which I liaye thus examined. 
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Two fimnll ditimonfls nre exposed on the curved outer surface, one 
about half the other about one-fifth of an inch from the edge of the cross 
fratture. On the latter surface, nearly an inch below the last named, 
three small diamonds appear to he m a line touching one another, and 
nedi them are two others/ all four vnthin a space about three-quarters 
of ail inch square, an eighth diamond is about an inch and a half 
aw.iy (on the same face), a ninth, alamt one-fifth of an inch from the 
top oilgc , and a tenth occurs on the larger cross-fraoturcil surface, but 
near to the edge of the other one. These diamonds are octahodra in 
foini, generally with stepped faces—one, at least, apparently twinned— 
perfectly colourlcsM, with Inilliant lustre, the largest being quite 0’15 
null from apex to apex, the smallest not exceeding 0*05 inch. All 
seem to be embedded in the gieen part of the rock. As the outer 
pait of the boulder looks rather more decomiioaed than the inner, T had 
a piece removed from one end, thus enabling me to study the mass to 
a rlcptli of more than an inch from the surface, ami cxamuieil a atrip, 
about 4 inches long, in a series of five slices 

The late Professoi Lewis has given, in the \olumc already mentioned, 
so full an account of the minerals which occur in the “ blue gumnd,” 
that It will 1)6 neodloas on the present occasion to do more than refoi 
to his doscriptionsjt only calling attention to any variations in the 
mineral constituents and their association in these oclogitcs. Tho&o 
constituents are.— 

1, (it) (hitnH (Pyropo).—In the slice those appear a light tawny or 
yellowish-red tint, retaining this tint (though much lighter) under the 
micvobcopc X They are generally dear, with frequent and irregular 
Clacks, but are occasioually traversed by wavy bands of minute en¬ 
closures of a pale brown filmy mineral, which is rather irregular in 
outline, very feebly pleochroic, and gives with crossed nicols fairly bright 
polarisation tints Similar miiiorala sometimes have formed along the 
cracks They are proliahly mica, or possibly chlorite, and iiulicato 
incipient decomposition. The garnets towards the outside of the 
boulder, as already said, are enveloped m a “ skin,” and the microscope 
shows that it usually exists inside, though there it is thinner. In the 
former case it is generally brownen^^in colour ami more distinctly 
crystalline, corresponding in cleavage, pleochroism, &c , with a mica of 
the biotito group, in the latter it is greener and more filmy with an 
aggregate habit and seems to project into the garnet. I regard it as due 

* ll IB pOBBible that these two form a twin crystal, hub I think they are separate. 
As the point ummpurtant, I haTo not attempted to clear away the matrix. 

t Wo must also not forget the paper by Professor Maskelyne and Dr. Flight 

Quart Joum. Gcol Soc / toI 30, p. 406), in which sereral of these minerals are 
described, anal)* ted, and identiflod. In faot the authors ascertained every thing 
that was possibli* with the materials then obtainable. 

{ Unless it is tYprcssly stated, the use of a 1-inch objoctiie may be sssumed. 
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FiO. 1.—Section of the diamond-bearing eelogite. Pyropes with narrow kelyphiie 
borderSi and ohrome diop^^ide mtercrystalhsed The clinopmacoidal cleavage 
of latter visible in the lower part of tbo section. 



to decomposition, a foim of the well known kelyphite rim, sometimes 
a mica, sometimes a chlorite, possibly now and then associated with 
a little minute hornblende. In a few cases a “ rim ” is brown in the 
outer part and green within. The constituents tend to a parallel 
/her than a radial grouping. The garnets occasionally contain 
ito branching root-hke enclosures grouped in Imnds, Though those 
11 polansed light, I regard them as empty cavities, and attribute 
this to diffraction. 

{h) Chrom-dvopsuie ,—The mineral described under that name by 
Professor Lewis, and referred to by others as omphacite or sahhte. The 
individuals are sometimes about a quarter of an inch long. In thin 
slices it IS a pale dullish green colour, inclining to olive; under the 
microscope, a pale sea-green, with a trace of pleochroisni. It has one 
strongly marked cleavage, not however nearly so close as in ordinary 
diallago, and a second weaker, sometimes approximately at right 
angles to On examining flukes, obtained by crushing, I find the 
strong cleavage to be cliiiopinacoidul and the other probably basal, 

* Ono may give a general idea of their relative importance by comparing them 
to the columns and cross-joints in some baialts. 
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and olitHin on a chnopinacoid an extinction of 35" with a prism edge. 
It 18 iu fact ulontical with the pyroxene descriljed by Professor Lewis* 
as chronie-diopside. In it (though rare) are small rounded enclosureK 
of a greenish niiiieiril aggregate much blackened luth opante I 
regard them as alteiation products of a foiiiferous oJivine. This 
diopside, at tlic exterior aiul along cracks, is often couveited into 
a minutely granular to hbious mineral, which gives a “dustyasiieet 
to that pait of the crystal, when viewed with transmitted light, and 
a ivhitiHh-greeii one iMth reflected light This often terminates iii a 
minutely acicular fringe, piercing the original diopside. Its grains 
occasionally are a little laigcr, showing a elca\age, <lull green in coloni, 
fairly plcochmic, and having the extinction of hoinhlonde, A protess 
of secondary change, as m iiralitc, is no doubt indicated. Now and 
then a tiny jilm of humn mica occuis in this part oi even in a ciack 
in the diojiside. 

It is this alteration product Mhith gives the mottled aspect men¬ 
tioned alxivo as visible to the unaided eye, so this is not indicative ot 
a third nn])ortant constituent m the onginal rock. In one of the 
slices the mica just named attains a larger size (about 0 03 inch acros*.), 
has a fairly nhomorphic (hexagonal prism) outline, anil is not rcsti icted 
to the margin of the garnet In this case it is generally associated 
with calcitOjt which it tends to surround, and that in one place encloses 
a radiatnig acicular mineral (? a zeolite); in another the calcite, or some 
other carbonate, is mixed with a serpontinous material. Distinct 
granulcH of non oxide are piactically absent from the slices, though 
hero and there it may ho indicated by some opacite. I have not found 
spinel, or rutile, or ziicon, or pscudohrookito. In fact, putting aside the 
tliamonds, the rock in its unaltered condition was a coarsely holo- 
erystallino mixture of chromoHliopsule and garnet, with a few small 
enclosures of olivine, in other vvxirds, it was a variety of cclogito and 
of Igneous origin J 

2. A fragment (probably about one quarter) of a flattish ovohl 
Inmldcr.—Tho two broken surfaces, which are nearly at right angles, 
measure 5 and 5J inches, roughly, and it is about inches high. Tho 
rock very closely lesomblos the one just descnlied, except that mica occurs 
rather oftener and in larger flakes; perhaps the garnets (here also not 
quite regularly distnbutcd) are sliglitly more numerous. The outei 

• Loc. nt , p 21. 

t From tlio fucts I tlunk it probably of secondary origin. It reminds mo some¬ 
times of tho brown nuen produced by oontAct metamorjihism. 

{ I am, of course, aware that eclogifce, in the past, has been regarded b^ -ome 
geologists as a metaiuoridiio rock. Apart from the fact that several rocks once 
aesignetl to this class are now, with good reason, regarded as igneous, 1 have had 
several opiwrtunities of studying eclogite, and have no doubt as to its origin. Take 
away the alkali from a magma with tho cheniieaL composition of a diorite, and tho 
result would l>o garnets in place of fehpar, » e, an eclogite. 
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bUrface is not quite so well i)rcHei\c(l, tluni^h tMion^^h reni.unb to show 
that It also hiis Itecn smooth, uiulri tew thin Aemsot a white niineial 
(ciJcite '1) traveific the mk On this surf.u-e, iie.ii the meeting of the 
two fractures, ami exqx^sed hy the lemoial of a little m.denal 
{ic It might oiigiruilly have heeii just hidileii) is a dianioml (octa- 
liedroii), appaicntly about 0 1 nieh iii diametei On one side it rests 
agaiiiht a pyrope, the adjacent sin face ol wlnih is nj(.iuvcd, the 
tWH) minerals heing jiaited liy the <ln!l gieena olonred kel^phite nm 

Fia 2 —(tttnu't unil dmiiioiul (iliiigrivnMn4i (k , twnr nttuia! ‘'i7e). 

(1) Diamond, (2) (3) koI^kplnU* inn. 


J 



of the latter, wdneh is aiioiit 0 03 inch in thukness Thin scitions of 
this iMiulder coires^MUid almost evactly with tliose from tlie other, the 
garnets showing precisely the same tints, though liaees of a cleavage, 
(roughly paiallel throughout) are peireptihle on cloRe inspeftion, and 
are distinct under the microscope Tn gainet such a structure com¬ 
monly indicates pressure, and the goneial jwiallelism accords with this 
explanation, but the other constituents show no signs of cnishing. 
The “ kelyphite” runs to the garnets are peihaps slightly broader and 
the brown mica passes into a green (chlontic 1) mineral, and occupies 
cracks in the garnet a httio more fre<iuciitly, hut as before the con- 
stituents tend to he parallel Kithcv than radially One or tyo t)f the 
diopsides show fine oscillatory tA\ inning. The ci.icks are occupied with 
calcite or some allied carbonate. There is no ical difference Iwtween 
this eclogite and the last-named one 


Edoffite Jhnhlrii> mihout DuinmmU, 

3. Part of a boulder, which must have been about a foot in 
diameter (found at 250 ft. level). It presents a geiieial rofaemblanco to 
the rocks described above, with, howovci, the possibility of a second 
green constituent. This is not confirmed on Tiiicroscopic examination. 
The rock consists, practically, of pyrope and diopsido, as already 
described, except that negative crystals are rather unusually eoii- 
apicuous in the latter. Into the details of these, as the point seems 
not to have any bearing on the present investigation, I do not purpose 
to enter. 

4. A fragment, more irregular in form than the others, measures 
very roughly, about 7 in. by 4f in. by in. It retains a good piece 
of tile outer surface, whi«h. though now a little corroded, w^as once 



230 I'rof. T. <J. Eonney. 

smooth. The roc k, which w rather tlocomposcd and crumldy, consists 
chiefly of three luiiiorals : garnet, not <iuite so largo, paler and more 
pink in colour than the last-named ; an emerald-green pyroxene, and a 
yellowish or greouirth-gvoy, platy to fibrous mineral, suggestive of 
a second more altered jiyioxenc. In thin slices the paler and pinker 
tint of theganietih \cTy perceptihle, jis well as the tendency to a 
rude and generally paitillel tloavage. Eut we find in it, under the 
mirroftcopo, a tew nnrrolithic eiiclosnics, of an apparently colouiless 
minoriil, which occuih in long pi isms eiossod al about 70" by an 
occasional traiisicMftO cleavage, and extinguishing at an angle of about 
2G'’ with the longer edge Many of the cracks exhiltit slight decom¬ 
position, staiting frmii them, and are sometimes occupied by calcite 
The pyroxene, mu lei the micioscope, hardly differs from the one 
alro<wly descnbcMl, except that the gieeii tint is slightly richer and one 
or two cr^^sULs contain the small dark brown negative crystals, com¬ 
mon in hypersthene and diallage. The dominant cleavage, as before, h 
along the cUnopuiacoul * The third mineral proves to bo an altered 
cnstatito, but I leave the details for the piosont, as it is better pie- 
sorved in another rock A fouith constituent is also present, hut luoi’o 
sparingly, vi;!., a pile brown mica, only moderatoly pleochioie 
(phlogophite 1), It occurs generally in plates, averaging about 0 1 inch 
long. The minerals appear to have formed in the following order • 
(a) ganict, (6) diopside, (c) mica, (ri) onstatitc As before, iron oxides 
are very inconspicuous ; there may bo a grain or tw’O (small) of scr- 
pontiniaod ohvino. The marked presence of enstatite distinguishes 
this rock from the others, Init it differs from the eiilysitos by the suljsti- 
tution of that mineral for olivine, and so links those rocks to the more 
ordinary cclogites. The occiuTeiice of a little mica indicates the 
presence of a small amount of an alkali in the magma. If necesaaiy 
we may name it nowldiidite, hut personally I should prefer to call it an 
onstatite-cclogito, for I think the coinage of fresh titles more often a 
bane than a boon to science. 

6. This boulder is almost perfect, except that the general flatness of 
one side indicates either traces of an old fracture or considerable loss 
by cnimbhng. The surface has been smooth, but it has suffered from 
unequal weathering of the minerals. Its girth, in three directions at 
nght angles, is approximately 20J in. by 19J in. by 17 J in. It appears 
only to differ from the last-dcscnlwd in having its garnets a shade more 
purple, and in an approach to a handed structure; the diopside being 
rather more abiiudant in a middle zone, the garnet in one, the enstatite 
in the other of the outer zones. Being satisfied that it is merely a 

• Ab noticed by Professor Low is, »i swprd, p, 22, in the diopside the pmm 
clcBTagu has pnwtifttlly disappeared, and a clinopinacoidol cleavage replaces the 
oitliopmaeeidal usual in diallage 
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variety of the last-describod rock, I have preferred to leave it as an 
intact boulder. 

6. The next fragment, measuring about 3 in. by 2J in. by 2 m , and 
letaining part of its smooth outer surface, is labelled “found in the 
yellow ground of No. 2 mine,* 50 feet deep.” Though it is much more 
decomposed than the others, the purjibsh garnet, the emerald-greou 
pyj'oxcno, the altered ensttilito (hero very rotten), and a Hiiko or two 
of phlogophito (?) aio easily made out It is obviously a more 
decomposed specimen of the rock represented by the two preceding 
si)ccimens 

7. The last of this group of specimens is a lockfragment,t measuring 
about 3^ in. by 2 in. in length and breadth, and slightly exceeding an 
inch in greatest thickness Its outline is irregular, being determined 
by the fracture of the predominant diallage-likc mineral. The ciystals 
of this run large, an inch or more m length, bieadth, ami thickness. 
It IS greyish-green in colour, having one dominant cleavage, with a 
sub-metal he lustre, and close subordinate cleavages, giving a somewhat 
fibjoiis aspect to that surface. Between thaso largo crystalbno ]um|)s, 
numerous small, ill-dehncd garnets (pyropo) seem crowded, so as to 
form fairly continuous partings, generally hardly 0*1 inch in thickness. 
As the rcuduiess with which the rather soft pyrovenic constituent split 
away made it improbable that a good slice could be cut, and I was- 
reluctant to injure the specimen, I contented myself with detaching a 
feiv flakes of this constituent for microscopic work, since the deter¬ 
mination of Its identity was sufficieiit for my pimposo. These show the 
mineral to have one easy cleavage ami a rather fibrous structure ; they 
give straight extinction parallel with this. As the usual rings and 
bnishes can bo seen on the face of easy cleavage, the mineral belongs to 
the bastite group. The s/imo is true of the enstatite in boulder (4), 
though, as it is slightly more fibrous, and not in quite so good a condi¬ 
tion, the optical picture is less distinct. Thus w’e may namo the rock 
from which the present specimen has been broken, a garnet-liearing 
baatitite. 

8. This specimen, said to be a fragment of a lioulder, is very different 
from the rest. It is a compact greenish-grey rock containing enclosures, 
W'hich give it the aspect, at first sight, of a pebbly mudstone, hlicix)- 
scopie examination shows it to be a compact folspathic diabase, with 
vesicles, which have licen filled up with calcite, chlorites, and other 
secondary minerals (probably zeolites), but not to have any special' 
interest. Its relations appc<ar to be with the rocks occurring in a con¬ 
glomerate which we shall mention in a later paragraph. 

* Tlie othera oomo from another niino (N'o 1) 

f I am informed that thu wa« not part of a boulder, but t-auio out of the “ blue 
ground ’* nearly in ifci proient couditiou. 
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Thr “ Ultie (houmV^ and Ai^s^ocudad Jlorkii. 

Two ;ircfis of ihiini.iiitifcrous rock arc now l>oing worked at the 
New lands Mines. The sh.*ipo of the one which supplied most of the 
specimens desenbod in this paper is iiregular, and, so far as I know, 
evceptional Its outline .it the surface may he loiighly compared to a 
lounded triangle into the Im&o ot vhuh the point of a rather short 
shuttle IS thrust, the greatest breadth of the two being about cijual 
Kxploratory uoi kings at a depth of .SOO feet show that the former 
area rathei (pnekiv nariows, and the latter teiminates jii clefts. The 
“blue ground,” in fact, appears to fill a fissure, bioadening in tt^o 
jilaces to vents, \\huh h.is been liaced foi some distaueo underground 
Mmtliwards fjum the principal mass of diamantiferous rock, as repre¬ 
sented 111 the annexed section, Mhcre the latter is dotted 


Fig 3 
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An Igneous lock (i) occuis on oithei snle It is compact, a greeiiish- 
giey in coloui, not unlike some of the less acid Welsh felstones. 
Under the miciohcope it is found to l>o much affected by secondary 
miueial changes, the iron oxides alone being in gootl preservation. 
A few small crystals of decompoaod felsjwr are scattered in a yet more 
decomposctl matrix, of ^hich the minor deUilsaro uninteresting. The 
rock may be classed with the compact, rather felspathic, diabiises 
These walls of diabase, farther to the south, turn off rather sharply to 
east and west. In the interval, about 12 feet iii width, between them, 
nbfe of the “ blue ” and a mudstone alternate, the thickest one of the 
former being from 3 to 4 feet in width, and the inner part of it is in 
better preservation ihan the outer. Specimens have lieen examined from 
the heart of the mass (vii), a par}, outside it (vi), and the exterior portion 
(v). The first (vii) in texture, hardness, and colour reminds me a little 
of the dark serpentine found north of Cadgwith, in Cornwall. In this 
matrix rournlish spots occur, some darker than it, others a yellow- 
green colour, besides a few angular whitish spots. The block is 
traversed by two or three thin calcareous veins. Specimen (vi) while 
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generally similar is more (lecompose<l, and apparently contains some 
fragments of shale Specimen (v) has a stratified aspect, being a dull 
grey faintly mottled rock, with streaky, dark, rather caibonaceoua- 
looicing ))ands, the origin being doubtful, till it is seen under tlie 
microscope. A fourth specimen (in) shows the mudstone traversed In 
a vein of rather pale-colouicd detoinposod not e\ccodmg an 

inch in thickness. A fifth (ii) is fiom near the tliabase on the western 
side, a dark compact rock, faintly mottled, here ami there ])reHenting ri 
slight resemblance to a “blue'' traversed by thin veins of ri carbonate, 
ami a sixth (iv) from a like position on the opposite side is a generally 
similar rock, but with TMder veins filled with mous coarsely crystalline 
calcite. A seventh specimen represents thc“l)lue” in the “ neck,” a 
few yards to the noi th and at the same level (300 feet) This, inierior 
in preservation to the lirst-nanicd, inclmles numerous rcnuided fiag- 
ments a little darker than the matrix, with othcih, angular to sub- 
angular, some alsri darker and some lighter than it 

A brief summary of the results of microscopic evamiiiation may 
flullicc, as these rocks do not materially diftei from specimens obtained 
in the De Hcers Mine, of which T have published a full account * 

The iiiatiix is a nnxtuie, in slightly variable ([iiantities, of gianules 
of calcite or dolomite, sotpentme, pyroxene, and non oxides, in ivhich 
occur flakes with fairly idioniorphic outlines of a warm-brown mica, 
moderately pleochroic, corresponding with that describedt m one or 
two speoimons from De Beers Mine The prisms a^'e alanit 0'00‘2 inch 
in diameter, and sometimes nearly as thick This nm'a, which, as 
stated in a former pjiper, I considei a secoiidaiy product, occiiis almn* 
dantly in all the specimens, but in that from the inteiioi (on the whole 
the best preserved rock) it is locally assuming a grocu colour, no doubt 
by hydration In the specimens from the thick rib, the one last 
named contains mineral grains and rock fiagments. Except for a few' 
Hakes of the usiml mica, the former are a mixture of two fibion.s 
minerals, the larger pait corresponding ivith actinolite, the icst, 
giving lower polansation tints, may lie serpentine. This fact, and 
structures suggestive of the former presence of a cleavage moio regular 
than that of olivine, make it more proKible that diopsido was the 
original mineral. Though iron oxide is present in specks and rcsls 
(especially in the worse preserved specimen), this occuis cither in the 
outer part, oi as though it had liceii deposited along t leai age planes. 
In the thin nb of “ blue (lii), some of the grains are composed jmrtly 
of a fibrous mineral, as above cioacnbe<l, and paitly of a clear one, wdiich 
often affords rather rich polansation tints, uiul presents some le'^ein- 
blaiico to quartz. Its precise natuie is difficult to determine, owing 
to the absence of distinctive characters, Imb I believe it to be of sciund- 

• ‘ Qeol Mng / 1805, i> 402 , niitl lHt'7, p 44W 

t ‘ (leol. Mag / It97, pi». 450, 461. 
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nry origin, liock fragments are not common in the first (interior) 
specimen (vii) , one, however, is probably an altered shale, and another 
possibly a limestone. This is bordered by a pale, pyroxenic mineral 
piercing into the grains of calcite In the second specimen (vi) frag¬ 
ments are rather common ; among them are those of diabase, ranging 
from fine to coarse, one specimen of the latter, originally, perhaps, an 
inch in diameter, showing an ophitic structure , felspar and augite both 
iKjing rather altered, seemingly by infiltration, and one small fragment 
resembles a subcrysUillme limestone. Specimen (v) does not materially 
differ, but seems to contain more carbonate than the others The dark 
.streaking is due to grams of iron oxide or serpentine with much opacite , 
lock fragments are few and small Specimen (in) from the thin vein 
contains a few very small rock fiagmcnts, mudstone or shale, more or 
loss altered, possibly also a compact diabase. The “ country rock ” is a 
mudstone, consisting of small chips of quartz and felspar, vanable 
in size, emhoddod in a dusty matrix, mcludnig a carbonate, which is 
more abundant Avithm about a fiftieth of an inch from the junction 
This part is slightly stained, but I was unable to detect any signs of 
contact metamorphism. Specimens (ii) and (iv) are generally similar, 
but the former contains some small rounded bits of vaneties of clialmse, 
and one may represent a crystalline limestone. The veins are filled 
with calcite and other secondary products, and are bordered by a veiy 
thin film of a brown micaceous mineral, like that described as often 
permeating the “blue.” Both specimens suggest micromineralogical 
changes, such as might bo produced by the passage of hot water. 

Other specimens of the sedimentary rock in the immediate neigh¬ 
bourhood of the blue have been forwarded to mo by Mr Triibenljttch. 
One, from the adit on the southern side of the section mentioned above, 
IS a grey mudstone, containing a fiattish rectangular pebble, of a dark 
green compact rock. Two others are from No. 2 mine, or about 700 
yards to the south-west. One, struck in the shaft at a depth of 200 feet, 
IB a conglomerate, composed of Avell-rounded rock fragments, Avith some 
scattered grains of quartz. Each of the former is bordered by a zone 
of a crystalline carbonate (impure calcite), and the interstices are 
filled, sometimes by a clearer variety of the same, but more often by 
some minutely granular secondary product. Of the rock fragments, one 
is a subcrystalline dolomitic limestone; two, perhaps, are chalcedony; the 
remainder are igneous, the majority being varieties of diabase, some¬ 
times rather decomposed; the rest trachytes, mmnly andesites. Their 
general aspect and the not unfrequent presence of vesicles (now filled 
with viridite) suggest that they have been furnished by lava-flows. 
Another specimen, obtained in the same working at a depth of 400 feet, 
is a rather felspathic diabase, not unlike one of the varieties in the 
conglomerate. It is a good deal decomposed, is not improbably from 
a lava-flow, but does not call for a minute description. 
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Thus the diamond has lK3eii traced up to an igneoufl rock. The 

blue ground ” is not the birthplace either of it or of the garnets, 
pyroxenes, olivine, and other mineials, more or le-ss fragmental, which 
it incorporates The diamond is a eoiibtituent of the eclogitc, just as 
much as a zircon may bo a constituent of a ginnite or a syenite Its 
lOgular form suggests not only that it was the first mineral to crystal¬ 
lise in the magma, Init also a fiiithcr possibility. Though the occur- 
lence of diamonds in rocks with a high ])crcentage of silica (itacolumito, 
granite, (fee) has been asserted, the statement needs corroboration. 
This form of crystalhsod carbon hitheito has been found only in 
meteoric iion (Canyon Diablo),* and has l)oen produced artihcially by 
Moissan and others with the same metal 4 Ls matrix. Tint in oclogite 
the silica percentage is at least as high as in dolei ito , hence it is diffi¬ 
cult to understand how so small an amount of carbon escaped oxidation. 
I hod always expected that a poiidotite (as supposed by Professor 
Lewis), if not a material yet mora basic, would piove to bo the birth¬ 
place of the diamond. Can it possibly be a derivative mineral, even 
in the eclogite ? Had it already crysfcalhsecl out of a more liasic 
magma,t which, however, was still molten, when one more acid was 
injected, and the mixture Ijocamo such as to form eclogite ? But I 
content myself with indicating a difficulty, and suggesting a possi¬ 
bility , the fact itself is indisputable . that the diamond occurs, though 
rather sporadically, as a constituent of an eclogitc, w’hich rock, accord¬ 
ing to the ordinary rules of infeicnce, must be regarded as its birth¬ 
place. 

This discovery closes another controversy, viz., that concerning the 
nature of the “Hard blue” of the minois (Kiml>erhte of Professor 
Lewis), in which the diamond is usually found. The liouldors de¬ 
scribed in this paper are truly water worn. The idea that they have 
been rounded by a sort of ** cup and Imll ” game played by a volcano 
may be dismissed as practically impossible. Any such process would 
take a long time, but the absence of true scoria implies that the explo¬ 
sive phase was a brief one. They resemble stones which have travelled 
for several miles down a mountidn torrent, and must have iieen derived 
from a coarse conglomerate, manufacture<i by cither a strong stream or 
the waves of a sea from fragments obtained from more ancient crystal¬ 
line rocks.I The “washings,” a parcel of which I received from 

• P.S.—The Novo XJrei moteonto (not wholly iron) wan forgotten. 

t Thu, however, cannot have been very rich in iron, because diopiide does not 
contain muoh of that constituent. 

t Ai these eclogites aro very coarsely crystalline, we are justified in assuming 
they were once deep seated rocks, and so much more ancient than the date of the 
conglomerate. To prevent any muunderstanding I'may repeat that the matrix 
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Mr. Trubonbach, also show that tho boulders are really waterworA, 
Besides two unworn pieces of pyrite and a rough Int of oclogito, about 
threc-qiKirters of an inch in diameter, the pyroxenic constituent of 
which was a blight cmorald-green (? snuiragdite), I find part of a sub- 
angular fragment of chromo-diopsido associated with two or three 
flakes* of tho usual mu a, a well rounded garnet fully 0*6 inch across, 
and half a well worn peliMoof eclogite, about one inch long and half an 
fneh thick. The rounded watcrwoiu Io<‘k <jf the great majority of 
the smaller conslituonts (chiefly gar nets and pyroxenes), aliout tho size 
of hemp seed, is very obvious. I had suspected some of tho grains in 
wfishings fiom tho Pc Beers Mine to have been similarly treated ; but 
heic It IS indubitable, indeed many of the cUrk giceu specinuMis are so 
smooth outside that they could only be identilied after fracture. The 
ordinary diopsulc can, however, be recognised, w'lth some of a clearer 
and brighter gi ecu. Most of tho garnets are pyropes, Imt a few rc- 
Bemblo cssonite. I find also some giaius of iron oxide and of vein 
quartz Thus, the presonco of waierworn fragments, large and small, 
in consiclerablo abiindaiice, show’s tho “ blue ground ” to bo a true 
breccia, pioducoil by the destruction of various rocks (some of them 
crystalline, others scilimcntary, but occasionally including waterwxirn 
tKiuldeis of tho fomor)—i e , a result of shattering explosions, followed 
by solfatnnc action Hence the name Kimbeilito must disappear fiom 
the list of tho peridot lies, and even from petrological literature, unless 
it lie retained for this remarkable type of breccia 
Boulders, such as wo have desonbed, might be exiiocted to occur at 
the base of the sediiuentary .series, in proximity to a crystalline llooi 
Tho Karoo beds in South Africa, tis is well known, are underlain in 
many places by a (oai*8C conglomerate of considoralje thickness and 
groat extent, called tho Pw’yka conglomerate, which is supposed to 1)0 
reinnan or Pcrmo-eaibonifeious in age. It crops out from beneath 
the Karoo Ixjds at no grcjit distance from the diamond-Iiearing distnet, 
and YCiy proliably extends beneath it. If this deposit has supplied 
thd bouldeis, tho date of tho genesis of the diamond is carried Imek, 
at the very least, to Palaeozoic ages, and possibly to a still earlier eia 
in tho earth’s history 

fmm whicli bouUU*rn taken (at tarioiiM deptli'*, from nearly 100 to nbont 
aoO feet) eannot Iw m\ alluMftl fiepoftit, hut is the t>pieal “blue ground/’ 
^act'cnll\ uleutu'ftl with that in the Kimberley nnnes 
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water, and the liquid well boiled A wbito precipitate of basic nitrate 
torniB, while the undeconiposed nitrates remain in solution. These arc 
bepiirated by filtration, the precipitate going to the right and the skiIu- 
ti(jn to the left The basic nitiate is dissolved in nitric acid, and the 
light and left solutions are then cNuporated to dryness and fused as 
before Partial decomposition ]»y heat again divnles each of these 
portions into two lots, soluble aud insoluble The soluble from the 
left-hand lot goes still further to the left, and its insoluble portion to 
the light The soluble from the iight-h.ind poiturn goes to the left, 
Mhoie it nii\es \yth the insoluble fiom the other portion, while its 
insoluble goes still furthei tt) the nght This scries of operations is 
eontinued for as long a time as the maten.d will hold out * From a 
description the process seems to bo more coniplicatefl than it leally is, 
but a sillily of the diagram aud the diiettion of the airows make it 
I leal Tlie munbei of times this opei.ition is pelfoinicd varies with 
each lot of eaith fractioiiateil The poitions submitted to fusion 
lajndly diminish in quantity, and tlie o]MMation is eontinued until the 
material hecomes too scanty 

The last hori/,ontal line of fiactions spei tioscopicully evamined m .i 
ladiant matter tuhe shows ditterences in the \isible spoctium. For 
many yeais T lecoided these dincreines in coloured drawnngs, which 
ha\c served on se\ eial occasions to illustrate papers before this Society t 
In the ye<ir 1803 I commenced to iccoid the difterences between the 
vai’ioiis spectra hy photogiaphing them in a Rpectrogiaph having a 
eomjilote (plait/ tiain, and siiKothat tune attention has chiefly 1 Mien 
directed to the vanatioiis m the numher, (’hai actor, aud positions of the 
lines and bands in the ultra-violet spcitiuni these are more striking 
than those which arc visildc, «ind they aie self-recording, results are 
more rapidly attained, A description of this instillment la given 
fuither on 

On placing the photograjihed spectra of one of the horizontal linos 
of earths in oidci, several dilfciences arc detected One stiiking 
diftercnco is seen in the behaviour ot a group of lines in the ultra¬ 
violet. It IS neatly absent in the end fractions, gradually liecomirig 
stronger tov\aids the middle, and attaining a maximum in the fractions 
situate about two-thuds towards the right. This shows that at least 
three different bodies are ])rcscrit one, the great liulk, having a nitrate 
difficult to decompose , another whose niti«ite is easiest to decompose, 
and a third body, occupying an iiiteimediate position, whoso nitrate 
decomposition occurs at temperatmes lietweeri that required hy the 
others, hut nearer that of the nitraU' easiest decornpohcd. 

• “ On tho Metliodfi of Oioinii'nl Fractionation,*’ Brilinh Anflocialion, Birming¬ 
ham Meeting, 1880, ‘ Cheini< al Nows,’ toI 64, p 131. 

t On honio Now lOlomouts m Gaduliinto and Samarskite detected Sjicclro- 
•copicall^, ' Roj. Soc Troc No. ^15, iHHii, lyl 40, p 602.” 
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The .'ll >ove me ill 0(1 of fr.ictionation ih not so efft'ctivil if nnne than 
two boflics ai'o [ncbcnt. Tn that rase the process fails, m .m\ umhoii- 
nhlo time, to >ieUl pi:iftically pure specimens of moie tlian two out of 
a group of closely allied e,irths Thus, if there ai’c ihi ee earths—^ay, 
A, B, and C—whoso positions in reference to the cheiiin.d protO'"* em 
ployed aio \\\ the wntlcu order of sequence, we may get a h|vc‘eijnen of 
A as iieaily as \>e please fieo from iJ and C, and a speennen of C as 
neaily as ue [ilease fiee fiom A and Jl, hut we cannot got a spe* inicii 
<if B pracUc.dly fico fiom A and C The l.iw seems to ho that to ob¬ 
tain piHftK.illy pine specimens of three olosely allied oaitlis, it is essen¬ 
tial to ha\o recouise to at least two ditterent (hemi<,d piocesses The 
iiieie continued repetition of the same process will not <ht, unless indeed 
the opeiiLtions ,ne lepeatcd such a \aht numbei of limes as to make the* 
.qiprovim.itc expiessnms no longei applicable, even though the sub¬ 
stances aie cheiiiU'tilly very close 

Kor this and othcu' icasons it ib advisable to change the method of 
fiaclionation after one piocess has been ni opei.ition foi *sonie time. 
It IS evident that .uiy process of fusion, eiystalhsatioii, oi ]ne( ipitation 
(an only dnide the mass of niateiial into two paits, a soluble and 
nisohiblc poition, (i\stals and mother liquor, .nid altei a lime a 
lialanoe of affinities scorns to be cbtaldished, and fuither fiai tionatioii 
ajipeais t() do little good It is better then to change the (vpeiation. 

Following the diagrammatic scheme, the jiortioub of oaithb eontain 
mg most M( torium .ire collected together and fractionated by the ci v«- 
tallis.ition of the oxalates from a solution btrongly a(‘idiilrited with 
nitric acid in the folhuMng manner — 

To a boding acid solution (jf the nitrate a small cpMutit} of hot 
solution of oxalic acid is added. The solution reimuns cleai, and it i.s 
only aftoi vigoious stiniug that a small quantity of insoluble ovalate 
Is tormed The whole is thrown on a hot-water hlter .iiid slightly 
washed with boding water To the boding filtrate a fresh lot of hot 
Kolution of oxalic acitl ib added, .ind stiircd till more insoluble iixalate 
comes down. This is <igain filtered off, and the operations of jirecijii- 
tating, stiiring, filtering, and washing are repeated, always keeping 
the tcmpciatuie .'us near the boding point as po.saible, until the whole 
of the earths «ie precipitated Generally the initial earth is dnided 
by this method of fractionation into from six to twelve pcirtiona. Each 
of thcso oxalates is dued, ignited, dissolved in nitric acid, and the 
above-described operations repeated. Photo-apcctroseopie tests are con¬ 
stantly taken during the progi-ess of this fractionation, and portions 
are mixed together according to the data thus obtained, as bhowu on 
the diagram by the lines joining the fractions , the obj’cct being to 
avoid lateral spreading as much as possible, and, while concentrating 
the special lino-giving earth, to prevent its too great diffusion over a 
largo number of fractions. When the fractionation by the oxalate 

T 2 
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meth<»<l hiui procuoded for a consideralde time, the fractions rich in 
\ittoru\m aio oolloetod to<<ether and snlmiittod to another mode of 
tieatmeiit. 

ThcHo fractidiiH are converted into nitrates, and a small quantity is 
thrown out I»y pirtial decomposition by heat, according to the method 
already de^culK'd The filtrate is evaporated to dryness and again 
fused HO as to thiow' out a little more. Thus operation is repeated as 
long as any M)Iu!)!c nitrate is left. (4enerally from six to twelve por- 
tioiH arc* thus obtained These fonn a regul.ir soucs, difi’enng accord¬ 
ing to the staiolity of the nitrate under heat. On testing, the 
MCtoninn is found to concentrate ni the centie portions, being loss 
easily decomposed than the eartlis of the ccruim group and more 
easily decompixscd than thoRO of the yttrium group 

Tile fractions iich in \ietorium are convcrte<l into sulphates and 
iniM'd witli a hot satni.itc<l solution of jiotassuim sulphate. The pre¬ 
cipitate is dissohed in boiling watoi and mixed with a further quantity 
of solution of potasHinm sulphate. This produces a small (quantity of 
<i precipitate. The filtrate from the first precipitate is also mixed with 
fiosh potassium sulphate, and the operations are repeated, mixing the 
coutio solutions to one lot and the side solutions to another, as shown 
by the lines ou the diagram. It is found on photo-siicctroscopic ex¬ 
amination that the earths thrown out on each side arc poorest in 
MCtoimm, w^hdst those in the mitldlo are richest After a time no 
fiu tiler couceniiatioii is efibetod in tins mannor, all the earths that can 
1)0 lenioied as being more or leas aoliililo in potassium sulphate having 
lieen eliminated 

In thus desciibuig the method of fractionation, my object has huon 
not so much to give a description of the plan actually carried out m 
the laboratoT N- tor the details ha\ c ^ aried with each operation—but 
to gi\o an intelligible idea of the general manner in which a \ery com 
plicated operation is cHected In the diagram I am supposing that one 
particular substance, victoiiiim, is to bo sep^irated, and I have endOfi- 
voured to show- its migiations and gradual concentration as the w^ork 
pmgresses, by tinting the fractions wheio it mostly wouUl concentruto ; 
the depth of tint representing the amount of concentration. 

In the purest condition yet obtained Victoria is an earth of a pjilo 
biow'n colour, easily soluble in acids. It is less basic than yttna and 
more basic than most f)f the earths of the terbin group. In chemical 
ch<aracteis it differs in many icspects from yttna. From a hot nitric 
acid Rohitioii victorium oxalate precipitates before yttrium oxalate and 
4 iftoi toibium oxalate. On fractional precipitation with potassium 
8 ul[)hato the double sulphate of victorium an<l potassium is seen to bo 
less Boluldo than the coiresponding yttrium salt, and more soluble 
than the double sulphates of jtotassium and the terbium and cerium 
groujis Victonum lutMte is a little more easily decomposed by heat 
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than yttrium nitrate, Init the difforcnco is not Huffioient to nmko thin 
reaction a good means of separating victoriuni and yttnuiu. Fusing 
the nitrates can, however, ]»c employed advantagcouHiy to sqi.nate 
mixed victoria and yttna from the Inilk of their «issociatcd caiths. 

On the asaumption that the oxide has the composition VcjO., the 
atomic weight of victoriuni is apparently not fai from 117. 

The photographed phosphorescent spectrum of vutona coiisi'st-i ot 
a piur of strong lines at about X .3120 and 3117 , other faintei lines 
are at 3219, 30(>4, and 3060. Frequently the pair at 3J20 and 3117 
meigc into one, lint occasionally 1 have seen them (pute distinct. 
The prosenee or absence of other eaiths has much influonre on the 
sharpness of lines in phosphorchcent spectia, ami it is jirobable that 
these lines will be sharp and distinct uheii victoria is obtained quite 
freefioni its associates. 

The best material foi phosphorescing in the ladiaut niattei tube is 
not the earth itself, but the anhydrous sulphate formed by heating the 
caith with strong sulphuric acid and dmiiig off the excess of add at 
a red heat. The sulphate thus produced, prolrably also coiu<umiig 
some basic sulphate, is powdered and introduced into a liullj tulto fur¬ 
nished with a quartz window, and a pair of thick abnmniinn poles 
sealed into the glass with stout platinum wires. The tube well 
exhausted, keeping the current from a good induct urn coil gouu; all 
the time. The pumping and sparking must continue until the earth 
glows with a puie light free from haze or cloudiness, and continues so 
to glow (luring the passage of the current without deteiioration 
The exposure in the spectrogiMph usually occupies an houi 

I give a diagrammatic plan of the twchpnsm spectrograph used in 
this research It is fuinishcd with two quartz prisms, (piartz lenses, 
and condensers The slit jaws are of (piartz, cut and polished accord¬ 
ing to the method T dcsciibed in the ‘ ('hemical News,* \ol 71, ]». 175, 
April 11, 1895. 

The prisms aie made in two ludves, according to Conm*s idan , one 
half of each being right-handed and the other half left-handed. One 
of the lenses also is nght-handed and the other left-handed Tly this 
device the efloct of double refraction is so completely neutralised that 
with a five-prisni instiuraent it is impossililo, under high magnifying 
power, to detect any duplication of the lines. 

The lenao'3 are each of 52 mm. diameter and 350 nini. locus. The 
focus of the Ictast refrangible rays is longer than that of the most 
refrangible rays, and the sensitive film must thcrcfoie be set at an 
angle to get the extreme rays into focus at the same time. But this 
alone is not sufficient. The focal plane is not a flat hurfacc, but is 
curved, and the him must therefore be curved,* and it is only when 

• * Cheraioal Ncas,* vol, 72, p. 87, August 23,1H95, aiul \ol. 74, p. 259, 
her 27, 1896. 



242 Phofogi^aphic Researches on Phosphorescent Spectra 




Experirmntal ContrihuHons to the Theory of Hcrethiy, 24 ^ 

?«)th these conditions arc fulfilled that perfectly shaq) images of 
spectral lines extending from the rod to the high zmc line 21 .'18 30 can 
Ijo photographed on the same surface. Celluloid films aie used, glass 
not being sufficiently flexible. 

Using the middle position showing the whole spectrum on a ])late, 
the angle is 40°, and the curvature is 190 mm radius. 

The condensers aio of quartz, and arc plano-cylindrical—one being 
double the focus of the other. The object of this, when spark-s|HJctr.i 
are being photographed, is to concentrate on the slit a lino instead of 
a point of light, as would bo the ciise if ordinaly lenses were used. 

WJicn photographing phosphorescent spectra—or, in fact, any spectra 
tile wave-lengths of which are either unknown or io<|Uire verification 
—I always photograph on the same film a standard specttuiu, usually 
of an idloy of eqiicd molecular weights of zinc, cadiniuni, tin, and 
mercuiy. This forms a hard somewhat malleable alloy, giving 
throughout the vholo photogniphic region lines the wave-lengths of 
which are well known. The chief objection to this alloy is its vol.itihty 
—the poles requiring frequent adjustment, liocently I have used 
puie iron for this purpose, this has the advaiitiiges of giving a groat 
number of fine lines whoso wave-length.s are accurately known, and not 
being very volatile, the polos do not rapidly wear away If the j>oles 
Hie kept about 1 mm. apart theio is little or no interference fioni 
an* lines. 

The most simple method of applying the standard lines to an 
iinkiiow n spectrum is l>y the successive employment of tw'o slightly 
ovoT lapping tliaphragius immethatoly behind the slit, one being used 
foi the oxpenmoiital and the other for the stiiinLud spectrum. In this 
way, without disturbing the instrument, the two spectra can be recorded 
on the plate one over the other, the o\ erlap of 1 mm. being .in the 
optical centre of the train. The resulting negative is then transferred 
to a micrometer measuring machine of special construction, ha\ iiig a 
screw of 1/100 of an inch pitch, and a means of accurately determining 
I/IOOO of its revolution—thus measuring directly to the hundred- 
thousandth of an inch. In this way, in a five-prism spectrograph 
having lenses 700 mm. focus, it is possible to dctorniiiie wave-lengths 
of photographed lines to the sixth figure. 


‘ Experimental Coutributiona to the Theory of Heredity. A, Tele- 
goiiy.” By J. C. Ewart, Ml)., FK8., University of Edin- 
bui-gli. Iteceivod May 29,—Kead June 1, 1899. 

I. hktrodiictmy. 

The belief in telogony, or wffiat used to be known us the ** infection 
of the germ ” or “ throwing back ” to a previous sire, has long prevailefl 
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It may for all we know l»o as old aa the belief in “ mental impresaions/* 
which haa had its adherents since at least the time of the patriarchs. 
During the eighteenth century the “ infection ” tloctnno was frequently 
discussed by physiologists, and since Lord Morton, in 1820, addressed 
a letter to the Koyal Society on the subject, believers in “infection 
have been inctcjusing all over the world, with the result that one seldom 
now hc/irs of lnocders or f.inciors who are not infiiiencod by the doc¬ 
trine, while }>hysiciauB and others iutcre«tc<i in the problems of here¬ 
dity either as a rule Uike telogony for granted or see nothing improbable 
in the “ infection ** hypothesis. 

It must, however, bo admitted that, notwithstJinding the criticisms of 
Wcismann and othois, very different vieus are entertained by the 
believers in telogony, not only as to the cause, but as to the results, of 
“ infection.” Jly some telogony is confounded with simple iemersion oi 
atavism, while the better infoimcd generally assume that “ infection ” 
invariably results in the suljsequont offspring repeating more ot less 
accurately the characters of the first or of a previous sire. In a 
breciiers’ journal of Home standing there apjiearetl recently under the 
heading “ Colour of Animals ” the following sentence —“Greys show 
in breeding a great tenacity of assertion, iva they are few in comjiiinson 
to other colours in the Stud Rook, but they reappcJir and no doubt go 
back to the Aiab, and prove telegony to be a fact.”* This shows 
simple reversion is sometimes mistaken for telogony. In support of 
the view that “infection” is commonly supposed to lead to “throwing 
back ” to a previous sire many instances could lie given, but the follow¬ 
ing from an article on telegony by De Varigny will suffice. De Vangny 
states tliat an ordinary cat which had kittens to a tailless Manx cat 
subsequently produced several tailless kittens to a normal cat of hei* 
own brteod t 

An extended series of experiments with various kinds of animals has 
led mo to the conclusion that if there is such a thing as telegony, it h 
more likely to result in the sulisequent offspring “ throwing buck ” to an 
ancestor of the “ infected ” dam than to a previous mate. This view of 
telogony (which has not been insisted on hitherto) will be made at once 
evident by an example. A sable colho crossed with a Dalmatian pro¬ 
duced thiee pups which m their coloration are extremely like young 
foxhounds; instead of numerous small spots each has a few large 
blotches. Accoixling to the common view of telegony this colbo, it 
infected, should next produce with a dog of her own breed one or more 
Dalniatian-hke pups. If, however, the offspring of a collie and a Dal¬ 
matian are like foxhounds, the subsequent offspring to a collie of the 
same colour and strain could hardly be expected to present Dalmatian 
characters, t.r., show numerous small spots. But if “ infection ” us a 

• * Live Stock Journal,* May 12, 1899, p. 688. 

t ‘Journal dea D6bata,* Soptomber 9, 1897, 
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ride results in the siil^sctiuent offhpiiiig “ thiowing hack” either to the 
ancestors of the sire or the dam, it will be extremely <litficult, if not 
in many cases impossible, to distinguish tolcgony from simple revei*- 
sion.* 

But though “ infection,” if it docs take place, is likely, as a rule, to 
lead the subsequent offspring to resemble the ancestors of the dam, it 
may in certain cases possibly leiwl to tbcir “thiowing back” to a pre¬ 
vious sire. This lesult might follow it the previous sire ha])pened to 
bo highly prepotent. For example, lliglilaud heifers often produce to a 
(lallowtiy bull liondcss black offspring iiRbstinguishable from pure 
(Talloways If infected by the (lalloway bull, these heifers might 
afterwards produce Galloway-1 1 ke c.dves when mated with long-homed 
bright coloured bulls of their o>\ ii bn'cd 

Tt 18 now commonly believed tb.il if theie is such a thing as tolegony 
it results from the unused germ cells of the first (oi previous) sire 
infecting - blending with—the luinpo geim cells in the ovaries of the 
dam Were this possible, the subsequent progeny woidd in all proba¬ 
bility in a mild way resemblo the previous sire, but if this is impos¬ 
sible, then infection-—due perhaps lo some obscure change m the con¬ 
stitution or reproductive systi'm of the dam is mou^ likely to lead to 
mote or loss marked reversion to the ancestors of the dam. All my 
observations point to its being impossible in the hajuidap for the 
unused male geiiii tells ot the hist sire to infect the uiit ipe ova. The 
spermatozoa lodged m the up])ei dilated pait of the o\i<luct of the 
mate arc dead, and in pioccss of disint(‘grating, eight days after insem¬ 
ination ; they probably lose their fertilising jrovver in four or five days. 
There is no reason for supposing that in the Krpndie they survive 
longer in or around the ovaiy. Further, though at the time of fertili¬ 
sation there may bo sevoial large Graafian follicles in each ovary con¬ 
taining matuiing ova, all these folliclc.s djsap})ear long hcfoio the 
period of gestation is completed. -The subscejuent foals are developed 
from successive new crops of ova into the composition of which it is 
uiconcoivablo any of the speniiritozoa of the first sire could by any 
chance enter. A study of the ovaries hence tends to confirm the view 
that “ infection ” (if there is such a thing) is as likely lo cause rever¬ 
sion to a former ancestor of the dam as a “ throwing hack ” to a pre¬ 
vious sire. 

Having made those general observations, it will be well next to con¬ 
sider critically the case of “ infection ” communicated in the letter to 
the President of the Koyal Society in 1820 by the Earl of Morton. 

* That reversion ever occurs lifts Iwen questioned by Bateson (* Materials for 
the Study of Variation*) and others, but I have already (‘Nature/ February 9, 
1890) proved beyond doubt tliat reversion eon bo ca§ily induced by Ihterorossing 
distmrt typos, and I have recently hoard of several instancoa of spontaneous reversion 
—reversion not induced by intercrossing. 
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Though many other instances of supposed “ infection ” have been 
recorded, Lord Morton's mare may be Siiid to still hold the field—the 
theory of telegony still mainly rests on the assumption that this 
historic mare was “ infected" by a quagga some years before she 
yjassod into the hands of Sir (xoro Ousoloy and produced three “ colts 
to a black Aialjian horse. One might oven go further and without 
much exaggeration assoit that the telegony hypothesis at the pre>sent 
moment mainly rests on an allegation by Sir Gore Ouseley's stud 
gT oom 

It has been generally assumed that Lord Morton's mare (a ncaily 
purely bred chestnut Arab) was “ infected " for two reasons (1) because 
the sul)se(iuent oftspiing wore of a yellowish-brown colour and more or 
less striped, and (2) bocauHc, according to Sir Gore Ouseley's stud 
groom, the mane of one of the striped foals had always been upright, 
while m another it arched to one side clear of the neck The presence 
of htripes in the subsequent offspring has never been questioned, noi 
yet is there any doubt that when Lord Morton in 1820 inspected the 
colts ” the mane in the filly was npi'ight as in the (yuagga, while that 
of the colt* resembled the mane of Loid Mortons quagga hybrid. 
There is, howevei, an absence of reliable evidence that the filly's mane 
had ]»een upright as alleged to Lord Moiton by Sir Gore 

Ouseley’s stud groom 

Wore the evidence iii support of this allegation siitisfactory, there 
would I think be no escape from the conclusion that Lord Morton’s 
male was “infected” by the quagga Hitherto the presence of stripes 
on the “ colts ” has generally been looked upon as affording strong 
evidence of “ infection ” Belioicws in telegony admit that stripes are 
not uncommon m Norwegian and certain other breeds of horses, but, 
with Mr Darwin, they have taken for granted that they never or very 
rarely occur in Arabs 

I find, howoicr, that though in .Arabia dun-coloured horses aio dis- 
like*! and never used for breeding, stnpcs oven in the most renowned 
strains are not so uncommon as is generally supposed. I have now' a 
piu'cly bred Arab filly of about the same colour as Lord Morton's filly, 
Imt, unlike the filly we have hoard so much of, Iwth the fore and hind 
legs are marked with distinct dark bais, and there care faint mdicationa 
of stripes across the withers and a rlistinct dorsal band. The history 
of this filly (bred by Mr. Wilfred Scaw'en Blunt at Crabbet Park, 
Sussex, and very kindly presented to me) is well known for many 
generations , none of her ancestors could possibly have been “ infected ” 
by a zebra. The dun colour and stripes are doubtless the result of 
simple spontaneous reversion, for, unlike Lord Morton’s mare, there is 
no history of a cross in her po<ligrcc. This filly proves that even in 
high-coste Aral® of the best desert bluod a dun colour and stripes may 
unexpectedly appear. 
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As to the occurrence of stripes in other broods I couhl give, were it 
necessiiry, many instHUces. A year ago I hat! in my poasc'saion a light 
bay (or yellow dun) pony, which showed nearly fis many h tripes on 
the tnink as the Goro-Ouaeloy filly, and m addition had aevcral in¬ 
terrupted narrow stripes on the forehead.* Moreover, the stupes on 
the Gore-Ousoley “ colts,” while agreeing with stripes occasionally seen 
in horses, differ in their arrangement from the stripes in the quagga. 
The stripes theniaelvea are evidence of teversion, but nothing inoie, 
and seeing that pure lired horses sometimes show quite as many stripes, 
we are not justified in assuming that but for the dam of the “ colts” 
having been fust mated with <i qiiagga the strqjes vv^iuld not have 
appeared. 

Hence unless it is proved that the mane in the filly and colt were 
naturally oiecl, or nearly erect, the ease foi the “infection” of Lord 
Morton’s mare will be lost. It may be well quote the pttssage from 
Lord Morton’s letter tefeiiing to the mane It is as follows - “ That 
of the filly is short, stiff, and upright, and Sir (Tore ^Jiisoley’s stud 
groom alleged it never was otherwise That of the colt is long, Imt so 
stiff as to arch upwards and to hang clear of the nock, in which circum¬ 
stance it lesembles that of the hybiid. This is the more remai kalde 
as the manes of the Arabian breed hang lank and closer to the neck 
than that of most others ”t 

I am not prepared Co accept the allegation as to the manes for the 
following reasons •— 

1. I have had twelve zebra hybrids under observation, and m 
each case the mane, thougli elect to start with, always after a tune 
arched over to one or both sides TIio stud groom’s statement, it 
seems to mo, proves too much. If in the quagga hybiid and in all 
my horse hybrids the mane, sooner or later, falls to one sale, it is 
a little remarkable that in the pure bred tM o-year-old filly it hiwl boon 
always upright. 

I may here mention that the hair of the nauie of zebia hybrids is 
shed annually; it is for this reason that the mane m hybrids is nevei 
long enough to hang close to the neck 

2. The mane in the drawing of the filly by Agasse is not reprC8ente<l 
as upnght, but as lying to one side. If the mane had remained erect 
during the first two years, by virtue of shedding its hairs, it could not 
very well have lost this habit and fallen completely over to one side 
subsequently, say, during the fourth year From the mane being erect 
in 1820, anil hanging to one side in 1821 or 1822, when Agasse’s 
drawing was made, the presumption is that the mane of the “ colts ” 
had been cut some time before they were examined by Lord Morton 

Two years ago I had a bay Arab with a mane which was to start 

• See Fig 36. *Tho Penyciiik Exporimcnta/ A. and C. Block, 1800. 
t ‘ Phil. Tmui1821. 
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with short, stifr, and upright, some months later it arched freely to 
one side, as in my zebra hybrids, and later still it hung lank and cloflc 
to the neck. 

3. There ih always an intimato relation in the Ecpiida? between the 
mane and the tail, when the mane is short and erect the upper third oi 
so of the tail is only covoreil with short hairs, which, like the hairs of 
the niHiio, are annually shed. Lord ]\[orton noticed nothing peculiar 
about th(* tail of the “colts,” and the tail of both the colt and filly in 
Agasst^’s drawings is the tail of a high-caatp Arab This seems to me 
to warrant the conclusion that the filly h mane hjvl been hogged some 
time before Lord Morton^s visit. 

It thus appears that the evnlenco in support of tJie belief that Lord 
\rortons mare was “infected*^ by the quagga is at the best far from 
satisfactory. The same may be said of the evidonce in support of all 
the other supposed eases of tolegony in the Kcpiida^—of, amongst 
otheis, Lord Musty us mate, referred to hy Darwm of the luule-hke 
mare in tlie Tans (Tardens, rcferrccl to by Tegctmeier and Sutherland ,t 
and of the Afnc/ln ass (hJquu'i still in the Zoological (xardeiis 

(Loiulon), which now and then has a reddish-coloured foal, like the 
cru'^s-bred foal she pioiluccd in 1883 to an Asiatic ass [hJ hnataniis). 

Although I am now satisfied that Lord Moiton^s ease throws little 
light on the telogony hypothesis, like many othois 1 had no very 
decKled views on the subject some years ago, and hence when ai- 
rangnig in 1894 to make a collection of horse embryos, I decided to 
repeat, as far as eircumstancos permitted, what is commonly called 
Lord Morton's experiment For this purpose, I procured early in 
189.") three zebras and a number of mares. Two of the zebras dieH 
during the inter of 1895, but the third—a handsome stallion of the 
Chapman lariety {E, hitichelh v. rhipmmn) still survives and la now 
thoroughly acclimatised. 

During 1895 I only succeeded lu mating the zebra with one mare, 
and hence there was only one hybrid born in 1896. During the last 
two years however, (piite a number of hybrids have made their appear¬ 
ance, and the dams of several of the hybrids have subsetpiently pro¬ 
duced pure-bred foals. The time hius hence come, when some of the 
roHults of the experiments may with propriety be communicated 
to the Royal Society. 


“ 11. ExpcuiueiitH with West Highland Pomes.'* By Lokd Arthur 
CV.CIL, OrchardmaiuH, Kent, and J. C. Ewart, 

The first mare mated with the zebra wjis a black, West Highland 
pony (Mulatto), set ajiart for the telegoiiy experiments by Lord 

* ' AuimaU and Planti,* rol. 1, p. 436,1876. 
t ‘ I^orsos, Abscb, and Zebras,* p, 81. 
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Arthur Cecil. The better bred AA'cst Highland ponies are supposed to 
have descended from “Armada ” horses, and are hence perhaps related 
to Mexican and Argentine horses, so often dun-coloured and partially 
striped. Mulatto's hybrid (Romulus, born 12th August, 1800) is on 
the whole more a zebra than a pony both mentally and physically. 
He IS especially remarkable in being more profusely stuped than his 
sire (the zclira Matopo), in having a heavy aemi-ercct mane, which is 
shed annually, and in having a mulcdike tail, from the upper third of 
which the longer hairs are periodically shed. The body colour of the 
hybrid varies from a dark orange colour to a mouse dun ; the stnjHJs 
of a reddish-brown colour on the head me dark broAvn oi uc.iily black 
on the trunk and limbs 

In the number and plan of the stripes, the hybnd agrees more 
closely AVIth the Somali zebra than with any of the Burchcll zebras. 
Over the brow, ^.7., there arc narrow roundeit arches instead of some¬ 
what liroad pointed arches as in his sire, the neck and ^lunk lia\e 
([into double the number of stupes found m the sire, avIuIo oacf the 
croup in the position of the “gridiron" of the mountain zebra there 
were at birth irregular rows of spots aaIucIi in course of time blended 
to foim soinoAvhat zig-zag, nariow', transverse bjinds The oars are 
nearly as largo as in the sire, while the oyo-lashes are longer and dis¬ 
tinctly curved In his movements the hylirid resembles his sire, and 
like ins sire he is always on the aloit, veiy active and sus[)icious of 
unfamilar objects. B'urther m his call he agrees far more Avith his sire 
Lhfiii his dam. In being profusely striped, Romulits dillers greatly 
from the quagga hyl»nd bred by JiOrd Morton, in AAhich the stripes 
Avero tower lu number than in many dun-coloured horses. 

Mulatto’s second foal ariivod in July, 1897, the sue, Benazrek, 
being a Ingb-caste grey Arab horse Like Lord Morton’s colts, 
Mulatto's toal by the Arab horse, in make, action, and temperament, 
agreed AA'ith ordinary foals, but it difl'erod from the majority of 
foals in presenting quite a numlier of stripes“sulitlc maik- 

ings only visible in certain lights. These stnpes ditfered but little 
from the body colour, which varied from dark bay to l)roAA n. 'I'hongh 
few references have hoGU made to the occurrence of stupes m foals, 
they are, we find, far from uncommon. As is Avell knoAA'n, jNlr, 
Darwin once bred a bliipcd toal by putting a iross-bied bay marc to 
H thoioughbrod horse. This foal was for a time marked nearly all 
over with obscure dark nanoAv stripes, plainest on the forehcail, but 
also distinct over the croup ■*“ 

There is no figure of Mr Dar\vin’«i striped foal, but from the descrip¬ 
tion giAxri, there can bo httlo doubt that the markings were more 
abundant than in ^lulatto’s second foal In this foal (as in Mr. Dar¬ 
win’s) the stripes became more and more indistinct, and by Noa ember 
• * Animals and Plants/ rob 1, p 60. 
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thoy had almost viinishod. ITnfortunatcly, the foal died when about 
fiA^e months old, and hence it is impossible to say whether any of the 
stripes would have persisted It will be evident that Mulatto’s second 
foal hcl|>ed but little to clear up the vexed “ infectionproblem 
Mulatto missed haviti^^ «i foal in 1898, but she recently produced at 
Knole, Kent, her tliirrl foal The sire (Loch Corno) of this foal 
beloncjs to the Island of Unm section of the West Highland ponies, 
and closely losemblos Mulatto The third foal has about as many 
stripes as the second. As in the second, they arc most distinct over 
the enmp and hind quarteis, and as in the second, they diflei lioth 
from the markings in the previous siro, the zebra, and from the 
m.irkiiigs of the hybrid Komulus. 

This third foal, which was born on the 6th of May, 1899, Bcemed 
like the second, to lend some snpjiort to the “infection” hypothesis 
FortunatelVi since it made its apyiearance, two other West Highland 
mares havtfhad foals to Loch Corno These foals put all doubt as to 
the natuie and significance of the stripes cm Mulatto’s second and 
third foals at an end. 

One of the darns is of a brown colour, the other is nearly black 
Though neither the browui dam nor the l)lack has cati* seen a /cin’a, 
both toals are marked in very much the same Avay as Mulatto’s, and 
«^ome of the stripes in one of the new foals look more like peisisting 
than the stripes on Mulatto’s third foal Hence, in order to account 
for the markings on Mulatto’s foal to the grey Aial), and on her foal 
to the black West Highland pony, it is unnecessary to fall liack on the 
“infection” hypothesis 


"‘Iir. 13\])enuienta with SliotUiiid, Iceland, Irish, Thoroughbied, 
and other I’oniesLy J. (’ Ewaut 

An effort was made to cross fbur Shetland ponies with the zebra 
ht.illion, but 1 only Miccccded in obtaining one hybrid. The dam 
(Nor.i) of this hybrid closely resembles, except in size, the Island of 
Kum ponies—she is a small edition of Mulatto. Her first foal, bj' a 
black Shetland pony, was of a dun colour and nearly as striped as 
Sir Gore Ouseley’s filly; her secoiul is the most zebra-hke of all my 
hylirids , her third closely roseniblcs her sire,‘a Iwiy Welsh pony. For 
some time after birth there were faint indications of stripes over the 
hind quarters of this foal, but now it is a year old there are no mark¬ 
ings or any other suggestu)ns of a zebra It is not a little suggestive 
that the fo.il bred from this pony before she was mated Avith the zebra 
was distinctly sti'ipod, Avhilo the subsequent pure bred foal has no 
stripes. 

Of five Iccbuid pomes put to the zebra only one produced a hybrid. 
This hybritl aahs faintly striped, and shoAAod less of the zebra than any 
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of the others. The ilam, a prepotent yellow and white (skewbald) 
pony, hod first of all a light bay foal to an Iceland pony. Her third 
foal, by a bay Shetland stfillion, is a skewbald, and in the size and 
arrangement of the brown patches closely resembles the dam. There 
is no hint whatever that the Iceland pony hius been ** infectoil ” by the 
zebra 

Several Irish mares wore put to the zebra, and two of them (bays) 
have first produced hybrids and 8 ul>soquontly pure bred foals A 
cream coloured Irish-Canadiari mare unfortunately thod before her 
hybrid foal was born. One of the bay luaros had a bay hybrid richly 
striped; the other a hybrid with but indistinct stripes. The subso- 
quonfc foals—one by a chestnut thoroughbre^l horse (Tupgill), the 
other by a hackney jiony (Mars Itoyal)—are bays, not only devoid of 
stripes but affording no indication whatever that their dams had been 
previously m<ited with a zebia. 

Although I experimented with seven English thoroughlired mares 
and an Arab mare, I only succeeded with one, a small chestnut. Thi-^ 
nuire produced twin hybruls last summer, yesterday she had a foal to 
a thoroughbred chestnut horse (Lockstitch) One of the twins died 
soon after birth, the other, iichly but unobtriisnely strqied, in it» 
coloiii and make strongly suggests its dam. The chestnut mare’s new 
foal rioithci in make, colour, nor <action in any way rcsomliles a young 
zebra nor a zebra hybrid In 1897 a bay mare by a bay Arab hoise 
(Hadeod) was for some months in foal to the zebra Since she 
miscarried in 189G she hiis hml two foids to a thorough}>rod hoise 
(Lockstitch) Neither of those foals in any way suggests a zebra. In 
this case the unuso<l germ colls of the /ebia h.ul presumably n liettei 
(harice of reaching the ovum from which the first of the two ]iuio-bred 
foals was developed than is usually the case. 

Attempts were miulo to cross Welsh, Exmoor, New Forest, Noi'' 
wegian, and Highland ponies with the zebra without success, and 
though a cross-bred Clydesdale has twice had a hybrid, she has not 3 'et 
produced a pure bred foal. The experiments as far as they have gone 
afford no evidence in support of the telegony hypothesis. 


VOb. LXV. 
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June 8, 1899. 

The LORD LISTER, F.K.C S., D.C.L , President, in the Chair. 

Meeting for Discussion. 

Subject —Preventive Inoculation. 

Piofessor AVillmni Osier (clocted 1898) was admitted into the 
Society. 

Mr IIcMiry J II Fenton, Dr. Henry Head, Professoi Conwy Lloycl 
Morgan, Mr Clement Rcid, Professor H. S Hele-Shaw, Dr. Ernest 
Henry Starling, Professor Henry Lloyd Tanner, and Professor 
B. C. Allen M'lndle, were admitted into the Society. 

A List of the Piesents icceived was laid on the table, and thanks 
ordered for them. 

The Discussion was opened with the following communication — 

“On Preventive Tuoculatioir’* By W M. Hafkkine, (M.K 
CominuniCHt(*d by Lord Lister, PKS. Received Juno 5, 
—Road June 8, 1899 

My Lord and Gentlemen,—The most important modern methods of 
prophylactic treatment are based upon the fact that an attack of 
disease from which an indivulual recovers leaves in him a condition of 
relative immunity to another attack. 

The method of turning this result to advantage for the protection 
of whole communities was first demonstrated to us liy Mahomodan 
physicians, to whom the world thus owes what proved to lie one of the 
most fertile principles of modern science. 

The successes of Joniior and Pasteur, who utilised cultivated vinis 
for preventive treatment, have led to a general conception that there is 
the possibility of creating artificial immunity to diseases by treating 
the organism with morbid virus rendered by some special means 
harmless. 

This view involves a gotiorahsation which led to a considerable 

• The paper aa published here, after Qnal roTisioii by the author, differs m some 
details from what has appeared m the 'Lancet* of June 24, and 'British Medical 
Journal,' of July 1, 1809, under the title of " A Discourse on Preventue Inocula¬ 
tion, deliTored at the Royal Society, Loudon, ou June 8,1899." 
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amount of diBappointment, as tho application of tho pnnciplo in a 
number of instances did not give tho expected results. 

Dnimtives fiom Mieiohir Vints aiul then Kfffcf 

When we cultivate a pathogenic niicro-org.'inism in a liquid medium, 
two different elements are obtained mixed together tho bodies of tho 
microbe and the liquid width it has modified, and into which it has 
secreted its own products. 

A modification of tho entire preparation, as represented by this 
mixture, can be first of all obtained l>y filtering and separating the two 
elements just mentioned, and considering each of them by itself 

Or else the two can be left together, aud only the vitality of the 
microbe dcBtroycd by some physical or chemical agent 

Or the constitution and tho propeitios of each, or of both of these 
elements can be, to a desired degree, altere<l by the admixture of 
chemicals, or by subjecting them to physical ptocesscs 

Or, the vital and pathogenic projierties of the miciol^o can bo modi¬ 
fied by artificial breeding, aiid^en the microbe it-^elf, or the pio(luct*> 
of such a modified microbe, usoa for treatment. 

The immotliato effect which a gnen virus or its deinate produces 
on an animal differs with the kind of viius taken, tlie pioce«s ol 
modific<ition to which it has been subjoetod, and tho species of animals 
upon which it is used. The following instance may gi\o an nlea of 
these variations. 

Th% ordinary Indian giey, as well as the brown, monkey are sus- 
ceptililo to the plague viius, and may contract a fatal disea'^e from being 
simply pricked with an infected needle The rabbit and guinea-pig are 
also susceptible to tho disease The horse, on the conlrtuy, contracts 
no fatal disease after lieing infected even with huge doses of the 
living virus. 

If, however, a plague culture bo heated and the minol>es killed in it, 
tho relative susceptibilities of tho monkey and the liorso seem to be 
reversed, the guinea-pig remains compilable with the monkey, while 
the susceptibility of the rabbit is now like that of the liorse, and not, 
as previously, like that of tho monkey. 

It will require, according to several oliservers, a very largo dose of 
virus BO treated to produce in the monkey or in the guinea-pig any 
marked rise of temperature, or any alteration of the skin at the seat 
of injection; while the horse answers to tho injection by almost os brisk 
an attack of fever as if the virus were a living one, and at tho seat of 
inoculation a tumour is prmluced which, if tho dose bo at all con- 
Biderable, may load to a complete mortification of the tissue. The 
rabbit similarly answers to the injection by an attack of fever and by 
the formation of a hard tumour at tho seat of injection. 

As varied as is the immediate effect of different forms of virus upon 

v 2 
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different animals, so vaned is the result of the application of such 
virus from the point of view of immunity conferred by it. 

There are animals in whom the inoculation leaves no lasting effect 
whatever. In others a very temporary immunity is created, vanish¬ 
ing entirely in a feA\ da) In other cases again, a condition appears 
that pro<luces the impression that, after the treatment, the animal has 
liecome moic snsccptilile to a subsequent infection than is a normal 
animal not so treated 

An<l hwtly, there may bo fouinl animals in which the same virus 
will produce a firm and enduring immunity 

In general I iMilieie it to lie admissible that in the case of every 
disease, and with le^ard to every species of animal, a form of pro¬ 
phylactic treatment may be found that will produce immunity in that 
particular case , lait that samo method of treatment may or may 
not bo applicable to another animal or to anothci disease affecting the 
same animal 

It IS the failure of taking into account this variation of circumstances 
that, I belieie, inoie than anything (^o has chocked the success of 
a number of experimenters. 


lmninnif}f ftom und ]k(*si4tfnrc hi a<tnal Siimptoin^ of 

The stu<ly of tlie anti-eholera inoculation in Tiuliii has revealed a new 
prol>lom in the subject of prophylactic treatment 

The particular chaiacter of cholera epidemics, which appeiy un¬ 
expectedly, do not last, and in places where they are permanent, are 
spread and scattered oi ei large fireas, makes the study of that disease 
and the demonstration of the effect of a provoutive treatment m its* 
case a matter of much greater difficulty than is the case in localised 
contagious diseases, like smallpox, or in plague , and although a large 
amount of inritenal has been collected already, it is desirable that 
further obsei vatioiis bo still added to the prescuit ones confirmatory of 
the results obtained. 

The information collected permits, however, already of pointing out 
very important features in the working of the anti-eholera inoculation. 

The most extended and continuous olworvations on the subject were 
organised by the Municipality of Calcutta, upon the enlightened 
initiative of Professor W J Simpson, late Health Officer, and under his 
continuous supervision, as well us my own. Those observations refer 
to the cholera stricken suhurlis of Calcutta, the so-called “ bustles 
or groups of huts situated i ound the tanks, where rain-water is collected 
during the monsoon. 

Some 8000 people were iiioculutod in those localities, and for two 
years observations were made aud the results collected as to the occur¬ 
rences of cholera in the huts inhabited ,by the inoculated. 
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In the vast majority of cases there lived in the same families 
members who had not been inoculated, together with others inoculated, 
and the possibility thus presented itself of comparing the incidence of 
the disease in individuals of the same households, exposed as much as 
it is possible to the same chances of infection. 

Diinng the time under observation cases of cholera occurred in 
seventy-seven huts. The interval which elap8e<l lie tween the applica¬ 
tion of inoculation in each particular hut and the orcurronce of cholera 
in it was as follows :— 

Among m77y>ru}iffpd members of the families cholera occurred—1, 

3, 4, 5, 6 , 9, 12, 13, 15, 17, 22. 34, 37, 44, 57, (>J, 03, 71, 95, 99, 
109, 114, 118, 119, 120, 129, 132, 139, 143, 1G2, 189, 191, 203, 240, 
261, 271, 281, 284, 300, 309, 318, 319, 334, 3:>(>, 359, 3G2, 370, 
372, 378, 383, 381, 389, 391, 393, 394, 401, 404, 408, 410, 433, 446, 
448, 453, 472, 493, 498, 673, 720, 723, 724, and 738 days after the 
moculatioJi of the other members of the^^e faimljcs Among the 
tuffctilafitl inemWs of the fanulies cholera orciinetl-'O, 2, 3, 4, 219, 
421, 459, 512, 688 , 735, and 738 days after their inoculation 

Thus foi a period of 738 days, cases of cholera ocdirred among 
the uninoculatod, so to say, at all intervals after the date of inocula¬ 
tion , whereas the figures referring to the inoculated showed a striking 
variation of the incidence when compared at various distances from 
the time of inoculation Ctises continued to occui among the 
inoculated for a penotl of four days after the treatment, and then for 
416 days they practically remained fiee from the disease, only one 
death from choleni having .occurred among them during that time 
From the 421st tliy up to the end of the observations six cases occurred 
among them again. 

The relative inimuiuty in the inoculated considered separately 
during those three periods shows that during the fii nt four days the 
inoculated had proportionately 1 86 times fewer deaths from cholera 
than the uninoculated. 

During the period between the 5th and 420th days, i r , for a period 
of nearly fourteen months, the number of deaths among the inoculate*I 
was 22 62 times smaller than amongst the uiiinoculated And for the 
rest of the time under observation the proportion in their favour fell 
to 1 to 1*54.* The plan has since been formed of trying the effect 
of larger doses and of stronger vaccines, in order to obtain a more 
lasting protection. 

While thus the absolute number of coses and tleaths from cholera 
appeared so strikingly influenced by inoculation, the peculiarity that 
became apparent from the ol^servations in Calcutta as well as in other 

* Vtd« Health OiRoer*8 Report to the Chainnan of the Calcutta Municipal Cor. 
poration, reprinted in the ‘Indian Medical Oozotte/ toI. 31, No. 8, August, 1896. 
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places was that the proportion of deaths to cases was not changed by 
the treatment. 

Thus, 111 the observations made in a camp of coolies of the Assam* 
Ihirmah liailway Survey, out of thirty-throe attacked among the 
nninoculatcd poTtioii of the camp twenty-nine died, and of four 
attacked among the inoculate<l all four died. 

In the Durlihanga prison out of eleven uniiioculated attacked all 
eleven died, while five inoculated attacked lost throe. 

In the Gaya gaol twenty uiiinoculatod attacked lost ten, and eight 
inoculated attacked lost five 

In a group of tea plantations in Assam 154 cases in uninociUated 
had sixty deaths, fifteen cases in inoculated had four. 

In the East lijincashire Itcgimoiit in Lucknow 120 uiiinoculated 
attacked had 79 deaths, and 18 inoculated attacked hiul 13. 

This circunistaiRO, the noii-roduction of the case mortality by a 
treatment which inflacnco<I uiimistcikaMy the case incidence, appears 
an astonishing divergciKO fiom the result of small-pox vaccination, 
where both the number of attacks ainl their fatality are ieduced by the 
treatment. 

The now aspect of the problem of preventive inoculation which thus 
presented itself in these observ^ations on human communities consisted 
in the possibility of a prophylactic treatinout l)eiag directed separately 
towards the reduction of the numlier of attacks, leaving the fatality of 
the disease unchecked, and towards the mitigating of the character of 
the disciise and the reduction of the case mortality in those who get 
attacked. 


Pomhle lelafion hcfwtcn Inimnaittf ftma Attarl aiul llfsistanve to actual 
tykjtuphm^ of Dubose, 

In analysing the naturo of this particular icsult, the following two 
facts well known in Lil)oratoiy practice piesented themselves to me aa 
of asecntial sigiiificaiirc 

In pfiticnts who iccoicr from an infectious disease the pathogenic 
microbe does not distippear from their l>oily tor a considerable time 
after their recover) It does not do them harm any longer, though 
u hen transferred to another animal it may still cause a fatal attack. 
Similarly, as in the c.ise, for instance, of a guinea-pig inoculated with 
the bacillus of chicken cholera, a naturally immune animal can breed 
for weeks, in an abscess, microbes of an intense virulence without in 
the least sufTering in its own general health. 

A condition seems to set in m the convalescent patient, or to exist in 
naturally immune amnuds, by virtue of which they do not suffer from tho 
results of activity of a pathogenic microbe, i>., from its morbitl products ; 
and from that time the presence of tho microbe in tho system, even in 
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the tissues, becomes innocuous. Immunity against moriml symptoms 
generated by the products of microljes does not seem to imply neces- 
sanly the ridding of the system of such microlies. It is known now, 
since the diacovorios of Bohnng and Kitasato, that such a resistance 
to these products cun l>o originated artificially, by grutliully treating 
the system with mcreasmg quantities of toxines The system reacts by 
developing anti-toxines tending to neutralise the effect of the toxines 

On the other hand, Gainaleia first drew attention to the fact that it 
is possible to create m an animal resistance to lethal doses of viiulcnt 
microltes without that animal acquiring any icsisUnce to a dose of the 
prcKlucts piopared from the same microbes in the laboratory. 

One seems justified therefore in considontig separately two kinds of 
immunity One against the living microbe, which wouhl prevent it 
from cntei mg the system and causing an atUick ; and anothoi against 
the fatality ot tlie symptoms of the disease caused by the pioducts of 
the microbe when the lattei oVorcomes the initial resistance and does 
invade the system. 

In the inoculation against cholerca, which is done with the bodies of 
microbes, the first result alone is obtained 

Those considerations were confirmed by a set of laboiatoiy experi¬ 
ments by Pfeiffer and Kolle, intended to verify our Indian results, 
tvnd ill the course of which they detected in the scium of men inocu¬ 
lated with only one dose of cholera vaccine an extremely high pro¬ 
tective power, equal to that which, in goats for instance, could be 
(reatod only after a very prolonged treatment, extending over five 
or SIX months, and including injections with gigantic doses of cholera 
vaccine. 

On analysing, however, in detail the properties of that serum they 
found that it possessed an intense power of destroying the cholera 
microbes, but exhibited no antitoxic properties capable of noutialising 
the effect of the products of those microl)cs. 


The riiUi of A tih-pliujlie Inocidaiioii, 

When, in 189C, I was confronted with the problem of working out a 
prophylactic treatment against the plague, I determined to put to test 
^the ideas originated by the observations on our cholera patients, and to 
attempt, in the new preventive inoculation, to obtain at once a lower¬ 
ing of the suBCoptibility to the disease, and a reduction of the case 
mortality. 

This I resolved to obtain by treating the system with a combination 
of the actual bodies of microbes and of the concentrated products of 
their activity. 

In presenting the above considerations, I beg that they may be con 
sidered as provisional, subject to modification or to'complete refutation. 
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There may exist already facts unknown to mo, which are opposed to 
the guesses implie<l in them. It was those guesses which led to the 
results obtained in the plague inoculation , but, in giving the reasoning 
which I passed through whii working out the method, I am yielding 
only to a demand expressed to me to that eflbct, as I considered that 
part of my communication unnecessary , the more so that the theo¬ 
retical conjectures above oiiumerntod arc not shared even by very 
eminent exporimentors, such as Pfeiffer himself, to whose results I owe 
some of my premises; and the correctness of the composition of the 
plague prophylactic, with regard to the extracellular toxines which I 
have added to it, the so-callcxi supernatant fluid of the plague prophy¬ 
lactic has been the subject of an animated ute. 

It is certain that no theoretical views cui^^ vod by one experimenter 
are binding, or need even be mtcrosting, to otiiers. What is obligatory 
is the acceptance of the results obtained. 

llic PliUfiie PiophylaHic, 

In order to accumulate for the plague prophylactic a largo amount 
of extra-cellular toxines, the bacilli are cultivated on the surface of a 
liquid medium whore they are suspended by means of <lrop8 of clanked 
butter or of cocoanut oil. 

The bacilli grow down in long threads into the depth of the Inpud, 
and prcxluco what 1 have termed a stalactite growth m broth, an 
appearance quite peculiar to this microbe, and which, I hojio, will l>e 
accepted as the specific diagnostic feature of this microbe 

The products of thoir vital exchange—the toxines—are secreted by 
the stalactites into the liquid and accumulate there. 

The growth is periodically shaken off the surface of the broth, after 
which a new crop appears underneath that surface. 

Thus a largo quantity of the boilics of microbes is collected at the 
bottom of the cultivation vessel, and the liquid itself gets givadually 
permeated with increasing quantities of toxines. 

The process is continued for a period of five to six weeks, at the end 
of which the bodies of the microbes become extremely deteriorated. 

It will bo seen from this that, in my eagerness to put to test our ability 
to influence the case mortality I may have, perhaps, paid less atten¬ 
tion than I might have done to the problem of reducing the number 
of attacks; and I have now sketched out a simple plan whereby to 
test this circumstance, and to try to improve our results from this 
point of view. 

In order to render harmless the inoculation of the virus above 
described, 1 determined to kill the microbes by heating the material up 
to 65 to 70” C. The virus so treated, differing from what is observed 
in some other instances, loses at once, for the animals susceptible to the 
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disease, almost all its patl^ogenic power; and it was a ipiostion to 
determine, whether it contained the qualities that wore sought for, 
viz., the power of creating %n man a useful degree of resistance to 
plague. 

The plan haslieon contested by anuml>er of oxpcrimenteis who trio<l 
a material similarly prepared on different animals and failed to detect 
in jt any immunising properties. 

Among other forms of plague viu which w^erc tested by ns, and liy 
other experimenters, a large numlier were fotunl to bo too dangerous 
to use, in other instances the mode of application was inadmissible in 
the case of men , in other*' again, the etlect appeared too transient to 
lie of practical use 


The PtopniiCis of the Platjite Piojtlnfhfdif, 

The iiumunismg effect of the plague pi ophylactic, as above dosenbetl, 
M^as w^orked out on domestic labbits, aiul its actual cttitioiicy was 
verified and confirmed by a iiumlior of invostigatoia who expeii- 
mented on the infection with viiulcnt plague of protected and unpro¬ 
tected rabbits. 

Comparing the rabbit with other laboratoiy amnials, such as the rat, 
the guinea pig, the mouse, the moiikej^ one may consider the rabbit as 
the one that peihaps required the least amount of protection, as its 
natural resistance to plague is rolatncly high. The most altered vijus, 
t.t^, such as w'as rcndei ed the most haimless of all, w'as found to confer on 
the rabbit a very considerable degree of immunity, enabling it in a few 
diays to resist ten or fifteen-fold lethal doses of virulent plague microlics 
The same treatment applied to animals of a more susceptible nature 
would, on the contrary, m many instances fail. 


2 he Questions which woe to he solved hij E^poiuients on Ha won 

At the end of our lalioratory experiments a set of questions stood 
before us that wore to be solved liy direct experiment on human 
lieings. Those questions were — 

1. Would man liehave with regard to the prophylactic like the 
animals upon which its protective power had lioen worked out 1 

2. If it so happens that the answ'er is affirmative, .wj'at would the 
dose of the prophylactic, and the methotl of administering it bo; and 
would not the dose required be so high, and the reaction to be pro¬ 
duced so severe, or the number of inoculations to lie repeated so great, 
as to render the treatment inapplicable to men, or impracticable 1 

3. How many days counting from the date of inoculation would it 
take to produce in man a useful degree of immunity t 

4. How long would that immunity last 1 
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And lastly, there followed two questions, to which my experience 
of the anti“Cholera inoculation entitled me to give a roaBsurmg answer, 
luit the correctness of which it was necessaiy to demonstrate afresh in 
the case of plague, viz 

5. During the peiiod of leactionary fever and all the other symptoms 
produced l>y inoculation, will the roaistanco of the inoculated exposed 
to plague he, for the ume l>oing, reduced, oi remain the same, or^he 
increased 1 i r, would it constitute a danger to apply the moculatioii 
m localities actually affcctoil with plague ? and 

C. When a man who happens to bo mculiating the plague, or to have 
initial symptoms of the disease already, chances to l>o inoculated, 
ivonld it aggiavatc his condition, or have no effect, or on the contraiy, 
help him ? 

Dnnoiishafion of fhfi Htn of the Treotinnii 

The perfect harmlossnoss of the inoculation ivas first of all demon¬ 
strated by the officers of the Laboratory, the Pniicipal and Professors 
of the (Irani Medical College, a largo number of leading European and 
native gentlemen of Bombay, and theii families and households, being 
inoculated And then, in the last week of January, 1897, when the 
plague broke out in Her Majesty^s House of Correction at Byculla, 
in Bombay, the option of inoculation was offered to the prisoners. 

Tite Ej'iienviehi in Het Majestj/n HyruUa Jfov^e of Conniimi^ Bomhty, 

The Byculla House of Correction is a long-term prison. There aie 
no children, nor very young people among the inmates, there being in 
Bombiy a soparatc establishment, the Sassoon Kefurmatory, where 
minor criminals are sent. 

The prisoners of the House of Correction present a well-fed, well 
cl.id, regularly worked, and almost as uniform a set of people as can be 
soon in a regiment, amongst whom one could scarcely see a single 
infirm or very aged individual. 

At the appearance of plague the prisoners numbered 346 souls. 

The inoculation was introduced after nine ctisos of plague had 
already occurred, five subsequently ending fatally; there remained 
thus 337 individuals to be dealt with. Of these, 154 only volun- 
toorod for inoculation, and 183 remained iininoculated. 

On the 30th January, in the forenoon, before the inoculation was 
applied, six more cases occurred, of which three afterwards proved 
fatal. The inoculation was applied in the afternoon, and afterwards 
it was discoverefl that one more prisoner had already a bubo on him 
when inoculated, while two prisoners developed buboes the same evening 
after their inoculation. Those throe cases, attacked on the day of 
inoculation, proved also fatal. 
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After that, the difference which was observed in the fate of the two 
groups, the inoculated atid uninoculatod, is soon from the subjoined 
table •—* 


OfcurroncoH m uninoculatod i Occurrences m inoculated ‘ 


Date of occiipionce 

4 of plague 

Number ot 
immuculafced 
present 
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Fatal. 

' Number of 
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6th day after inoouln* 
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after the day 
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• 
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1 inoculated, ' 
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' nrerage daiij 



average daily ; 

1 
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i strength. 
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* During the time under observation the number of umnoculatfd was reduced 
on tho sei'ond, fifth, and sixth day after inoculation by three, one, and ono dis- 
( harged prisoners, whose terms of cuiiflnonient oxpireil on those days, ancl it wtis 
meroostid on the third and seventh day by two and two prisoners newly admitted 
into the jaiU The number of inoculated was reduced on the third day after inocu¬ 
lation by four released priHonors. 

No infonnatiou as to tho subsequent history of these few released (umnoculated 
a|id inoculated) prisoners reached the authorities or the officers of the Laboratory, 
but the question had no lutorost fur the oxpenmont, sinoo their conditions of life 
and their exposure to plague ceased to be comparable from tho time the prisoners 
ware discharged into a large city, with Tanous chances of infection^different m its 
different quarters. The ohsorvatioos referred only to tlie prisoners vv lio remained 
oxpOHod to plague under the conditions of the jail 
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With the exception of the fourth day, cases of plague continued to 
occur among the uninoculatod group for seven days after inoculation, 
their average daily strength throughout the week being 173; altogether 
twelve cases occuired among them with six deaths, while in the 148 
inoculated theio was one ease on the next day after inoculation, who 
rapidly recovered, and one on the last day of the epidemic, who 
recovered also. 


of ilia of the Ihfeulhi Jod Expenuient^ 

A glance at the above table will show the progress which was made 
in our infoimation by that initial experiment, and how far it carricKl 
us ahead from the state of uncertainty which surroiuided the (question 
originally 

The dose of prophylactic administered to the pnsoners was 3 c.c. 

They all had the customary attack of fever from the operation, with 
the iliscomfort accompanying that condition,—a headache lu many 
cases, nausea, loss of appetite for a oouiile of days, a feeling of fatigue 
and liissitiide, recalling a mild attack of influenza, with swelling and 
pain in the inoculated side. Did, howovci, all this make them more 
susceptible to t^ disease than weie their non-inoculated fellow inmates ? 
It lb certain that the rcbults tcbtify unmistakably to an opposite 
effect 

Further, the incubation iieilod in plague appeals to bo on the aveiage 
five days, extent^g, however, not iinfroquontly up to ten. 

to tUo fnw no>>ly iKbmttcd (uninoi’iilated) prisonora nioiitioned abo\i', none 
IB fro Mitbseqiientl^ iittttfkrd, und iho ensew of plnguo **tated ni Uio table refer all to 
old ro'*idpnt'(, who A^ero present in the jail on the day, and long bett)ro the day, ot 
jnofulntioii. Kad a <'ase ot plague oeeurred in luiy of tho uninoeubited new- 
cumora, it Aiould not ha>c been mtluded in tlio eoinpariMm with tho odurreuees 
among the inooiilatod iinnates, since <4uch neu coiner hud hciMi exi^^cd outside the 
]Hil to conditions of infeition other than tliuho Aihich existed inside the pul. Not 
uithstanding this, it 'was pt'nmttcd that the number of tho uninoculated iiow- 
(vimers should bo added by (he jail authorities to tho strength of the uninoculatod 
ns quoted in the table, sineo this tended to weaken, and not to exaggerate, tho pro¬ 
portion of immunity obtained by inoculation 

In a similar way, in the outbreak of plague in the second (Umerkodi) Bombay 
^ail, descnbeil below, one of the three attacks among inoculated persons, an reported 
by the jail authorities, namely in a man named Sital Vary, prisoner No. 7542, 
occurred after he had been set at liberty in tho city. Had it been an attack ui an 
uninoculated person, it.would not UaAc been admitted into the eompariiwn with the 
inoculated, for the reason mentioned abore,« e., because the conditions of infection 
outside tho jail were not comparable with those in the jail But as thu was a case 
in an inoi'ulatod subject, and tended to present tho results m a less favourable light, 
it was included in the record 

Every prisoner attacked with plague and taken away to the isolation or plague 
llL^ospital was oxcludod on the subsequent dav from the strength of those who 
remauied in the jail and were still liable to an attack. 
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Of the twelve prisoners in the uninociilated group who developed 
plague during the next few days after the tlato of inoculation a large 
proportioiii if not all, must have l^een already incubating the disease 
on that day; and seeing the perfect similarity of conditions under 
which the inoculated and the uniiioculatod, who belonged to the same 
crowd of people, wore linng, one could infer safely that a similar group 
of individuals incubating plague was present iimong the inoculated 
also at the time when the inoculation was {Kirformed on them. 

The inoculation, however, did not aggravate their condition, as the 
numlxjr of inoculated who developed plague, counting from the first 
twelve hours of inoculation, wjis propoi tionately five times smaller 
than the concsiKinding number among the uninoculated, and the two 
cases that uppoaroil among the inoculated, one on the very next morning 
after inocuiation, l)oth emlod in lecovory 

As far as that first exiieriment wont, thcicfore, men liohaved like tho 
lafioratory animals upon wdiich tho propliylactic proj^erties of tho drug 
had l)con worked out. 

For communicating that protection one injection of prophylactic 
appeared sufficient, with a dose of 3 c.c., which dose, however, in oui 
subsequent operation.^ was fuither letluced to 2^ c.c 

Tho difference in favour of tho inoculateil Hppeai:|d within some 
twelve hours after tho oiieration , but tho man who wafliioculatcd with 
plague on him, and the two who developed clear sTCl^ms of plague 
the same evening, dul not Ijenefit I»y the operation, 

This completed tho first information gathered witlUybid to five of 
tho SIX questions enumerated aliovo No answer coiiloDO given as to 
tho final duration of tho effect of inoculation, except that the operation 
appeared to be useful in a localised already existing epidemic, oxtencling 
over ae\eu days 


The E.fpenment m the Uj)^eihtfh Vomnmn Jad^ Ihmhini 

In tho next case tho strictness of the conditions of tho last experi¬ 
ment was enhanced fuithcr This was m tho second Bombay j'ail, the 
Umorkatli Common Jail. 

Tho plague broke out there at the end of Docomlier, 1897, and by 
the let of January throe prisoners w'ero attacked and all of them sub- 
aoqueutly died. 

In the interval between tho opeiations m tho two jails, some 8000 
people in the free population of Bombay had already availed them¬ 
selves of the inoculation 

This time tho whole of tho prisoners, numbering 401, appeared willing 
to undergo the preventive treatment. In view of tho novelty of the 
operation, however, and of our responsibilities liefore tho government 
and the public, and the necessity of demonstrating clearly the effect of 
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inoculation, the prisoners wore not allowed to undergo the treatment 
in H body, and it was resolved that only one half of them should be 
permitted to do so. 

The manner in which that half was selected guaranteed the elimina¬ 
tion of all possible errors n&ually inherent to ol)ser\Htions on human 
communities. 

The population of a jail ni India is gathered into several groU[)fi, 
the largest being the ordiiuiry convicts divided into simple prisoners 
and hard labour convicts; then there is a group of civil prisoners, 
debtors , a group of under-tnal prisoners, of com icD warders, of cooks, 
bakers, men employed in the infirmary, i\:c ; and a separate group of 
female prisoners. 

On the morning of the Ist of Jiinuary, 1898, in the presence ot 
Major Colhe, I.M S, and Dr. Leon, medical officers, Mr. Mackenzie, 
the HupcnntoiKlcnt, and of cdl the officials of the jail, the abo\e groups 
weie brought one after the other into the jail-yard, ainl asked to seat 
thembclvea \u rows, and after all were seatod, oveiy second man 
without further distinction whs inoculated, excepting two of them, who 
<lid not volunteer for the treatment 

From this moment tlic oven iiumberR, the moculatetl, were left to live 
with the nninooulated, under conditions identical mth those under 
which they wore living liefore They had the same food and drink, 
the same hours of work and of rest, shared with them the same 
yauls and buildings, 

In this case fatal attacks continued to occur in the jail for thiity 
ilays, during which time an almost equal number of prisoners, inocu¬ 
lated and uninoculated, were tlischargcd fiom jail, and thus excluded 
from further observation 

The average daily strength of the uninoculated who remained in the 
jail up to the end exposed to the plague >vas 127 , and of the inocU' 
lated, 147. 

In the smaller uninoculated number, ten cases of plague occurred, 
six of them proving fatal; while the larger inoculated numlicr pro¬ 
duced three cases, of whom all recovere<l. 

In these three cases, however, in the inoculated, the character of the 
disease was so much mitigated that the authorities of the Government 
hospital at Parel, Bomlwy, where they wore sent, hesitated to retiu*n 
them as plague, and the Director-General of the Indian Medical Service, 
who examined two of thorn, diagnoseil them as mumps. They were 
returned as cases of plague in onler that no possibility of error in 
favour of the inoculation should bo admitted. 

Tht* Expeiiment in the Dtmi uxtr JaiL 

On the thinl and last occasion, when the plague broke out in a jail, 
the authorities did not feel justified in withholding the inoculation 
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from any of the inmates, and all woro permitted to be inoculated. 
This was in Dharwar, at the end of October and the beginning of 
November, 1808, during the ternhlo outbrwik of plague m that town 
and district, the news of which must have reached you e^eii here. 

Five cases of plague, of which one was nn])orted, and four in old 
residents of the jail, occurred, all live ending fatally. 

The prisoners, then numbering 1173, submitted in a body to inocula¬ 
tion, and only one case followed, in a man attacked two days after 
inoculation, and ho recovered, the only one of the six. 

Thf* EiiiL 'iimni oj Vndhfm^ in n Ft re Pajjuhtffott. 

The most carefully planned out and prctisc demonstration of the 
working of the prophylactic system among a free population, exposed 
to a great amount of infection, was that made in the village of 
Uudhera, six miles from Baroda. 

The following was the mode of operation adopted — 

A detailed census i^aa made by the authorities of all the inhabitanlH 
of the place, and on the 12th February, 1898, when a committee of 
Bntish and native officers arrived to carry out the inoculation, the 
people were paraded in the streets, in four \>ard8, family ))y family. 

Major Banuerman, I M S., of the Madras Mc<lical Establishment, 
and myself, accompanied by the Baio<la officuils, went from one house¬ 
hold to another, and, within each, inoculated half the number of the 
male members, half that of the females, and half that of the children, 
compensating for odd hgiires that happened to ))e ni one family by t)dd 
figures in another I, personally, and the officers who wore with me, 
directed special attention to distiibuting the few sick m the two groups 
of inoculated and uninoculatod as e([ually as our judgment permitted 
us to do. 

The plague, which hatl earned off, before inoculation, seventy-nine 
victims, continued afterwards in this instance for forty-two days and 
appearwl in twenty-eight families, in which the aggregate number of 
uniiioculated was sixty-four, and of inoculated scveuty-one. 

The total nuralior of attacks in those families was thirty-five, and 
they were distributed as follows •— 

The 64 uninoculated had 27 cases with 26 deaths, 

The 71 inoculated „ 8 „ ‘ 3 „ , 

thus showing 89*65 per cent, of deaths fewer in the inoculated mombers 
of the families than in the uninoculatod. 

There wore no deaths from other causes in the inoculated of the 
village, while among the uninoculated there were three deaths attri¬ 
buted to causes other than plague. 

The subjoined figures show the number of days which elapsed 
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between tlio date of inoculation and the occurrence of a death from 
plague in the families. The first row of figures refers to occurrences In 
uninoculated members, the second to occurrences in inoculated, while 
the small figures show the number of deaths which occurred in each 
group on those days:— 

Deaths from plague occurred in nniiioculatod— 

41 Ds -loa IP 121- 451 151 191 20' 2P 24^ 32^ and 42^, 

and in inoculated 

-91- 12 iandl 4 '- 

<lav 8 after date of inoculation. 

There had elapsed therefore eight days, during which eleven deaths 
from ]»lague occuned among the uiiinoculated members of the families, 
before the first death took place in an inoculated case. The inocula¬ 
tion has again acterl, so to say, immediately, or, to use the mode of 
expression which we have adopted, has exorcised its protective effect 
within the time necessary for the subsidence of the reactionary 

syniptonib produced by the inoculation 

The investigation in this village was earned out by Surgoon-Donora) 
Harvey, the Director-Ueneral of the Indian Medical Service, and a 
committee ot British and native officials Every member of the family 
who survived was seen, his particulars verified from the documents, 
and every iletail was conhrmotl from the registers kept at the time, 
and from the testimony of the whole of the villageis, who wore present 
throughout the inquiry 

Oh o Liiujv Ernie Arero^e of the lU ^^ulh ohkiiaed, 

I have dwelt so long upon the description of the above experiments 
not liecanso they were the largest in volmno or the most striking 
which wore mmle, but because they wore the most precise of all, and, 
so far as 1 am aware, free from any possible loophole of mistake. 

I made piolouged an<l detailed observations in very severely affectc<l 
eommumtios of Lauowlio,in a population of 700 iieupio, and among the 
followers of the artillery at Kirkeo, numbering at the time 1530. Very 
complete data wore collected by Professor Robert Koch and Professor 
Gaffky, of the German (Tovemnient Plague Commission, by Major 
Lyons, LM.S, of the Bombay Mochcal Establishment, and by myself, 
in the Portuguese colony of Damaon, in a population of 8230 indivi¬ 
duals, during a frightful outbreak of plague there, which lasted more 
than four months, in 1897. A minute investigation extending over 
four months, was made by me iii the Khoja Mussulman community of 
Bombay, numbering some 12,000 people, whore about half of the total 
number were inoculated under the auspices of His Highness the Aga 
Khan. A moat comprehensive inoculation campaign, and with widely 
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reaching and moat aatiafactory results, was carried out, under Mi. 
Cappel, late Collector of Dharwar, by Captain Loiimann, Dr. 

(Miss) Corthorn, Dr. Hornu1)rook, Dr. Foy, Dr Chcnai, and others, in 
three adjacent small towns of Iluldi, Dharw'.ar, and Gadag, whore 
80,000 people were inoculated. Tho latter was the most magmfitont 
piece of work done, from the point of view of jiraotical application of 
tho method, and of tho tcbting of its gonei/Ll cificii'ncy. 

With the extension of the mimbei of inociilat(*d tho oxiictitude and 
precision of observation certainly sufter. A niimlicr of questions and 
objections arise with regard to points ot det.iil, which it is not ahvays 
possible to aribwei with lOitaint}. Such wholesale ohservations are, 
however, roquireil to onahlo us to judge w^hether the application of tho 
method as a general measuic answers to the expectations formed; 
whereas tho exact extent of the results is only to ho gathered from 
mathematically precise expeiiinents, imitating tho conditions of labora¬ 
tory practice, such as w'ere those winch T have detailed aliove 

'fhe diftbreiieo in the mortality from plague in inoculated and iiuin- 
oculated sections of communities was estimated to nverage over 80 per 
cent., approaching often 90, as wms tho r.iso in Undhera described 
above. The lowest proportion ovei oliseived in tho cvpeiiments which 
I made porsonally was 77 9 per cent , this w'as at Kiikoe. 


Ejlted on the Mtntnhhf, 

A very accurate set of <lata woic collected in almost all the laiger 
hospitals whore inoculated plague cases w^ere admitted, upon thofaUdity 
of the disease in inoculated These were to the ofle(t that the case 
mortality among them w*is some 50 jiei cent lower than among 
uninociilated plague cases A numbei of ilocumerits on tins point lius 
l»een collected by tho Indian Plague Commission and will, I trust, 
appeal in their records 


Mimmvni Daniiuni of the EffM of the rhnjnr Iiuirulahon. 

As to tho duration of the effect of the plague inoculation, tho only 
statement which can lic made for the present is that it lasts at least for 
the duration of one epidemic, which, on tho aveiago, extends over 
four to SIX months of the year. 

Tho Government of India have ret ogniscd the inoculation certifi¬ 
cates, entitling the holder to exemption fiom plague rules, as being 
valid for a period of six months; on the understJinding that if accurate 
data are forthcoming as to the effect lasting longer, tho holders 
will be permitted to renew their certificates for another period, without 
being reinoculated. 


VOk, LXV. 


X 
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The faither Pi'Mfvn pnsiud m the lionilHiy Phujae Pesmrch Laboratory, 

The task which lies now Lefoie the Plngiio Tjahoratory in connection 
with prophylactic uiociiJation coiuprisch the following problems:— 

The perfecting of piocosHos for tinning out largo and uniform quan¬ 
tities of material, and .ivoiding the vaihitioiiB due to tho character 
of tho plague microlM), and to the differeiicob in the composition of 
tho cultivation media ; 

Tho further investigation of tho dilTeient lonstitiients of tho plague 
prophylactic, with a \iow of intensifying those which produce 
definite and hencfidal results ; 

The possible mitigation ot the i c.ictionary syinptoma after inocula¬ 
tion , and 

Tho study of tho effect of antiseptics used for preserving the prophy¬ 
lactic , 

while the most important general pioblems concerning plague relate to 
the study of the curative treatment and to the hfc-history of the 
plague microbes ui nature. 


Thr Ttf/ihoid Tnoi Illation, 

Tho inoculations against duileia and plague, wliicli are the outcome 
of the work of Jonner, Pasteur, and Koch, and their admirable succes¬ 
sion of pupils, contain in their turn a promi*»e of de\elopment and 
success, which, I tnist, will be only enhanced at every subsequent 
step, and which, it seems to mo, already warrants tho application of 
the same kind of effort to other diseases and epidemics 

In this order of idojvs permit mo to enter a plea in favour of a 
new inoculation campaign, which has been inaugurated already, and 
which I hope will lie earned out snceossfully, for the benefit of a large 
number of soldiers of this country residing in India, and of white men 
m general in all tropical countries. 

Tho problem of typhoid inoculation has (piitc a special interest for 
Europeans, as much as cholera has for the natives of India, Typhoid 
proved to be a more difficult diseaso to eradicate from* military canton¬ 
ments than cholera. It is possible that tho explanation of this lies in 
what is already known of the character of the microbes of these 
disoasoR. 

Tho typhoid bacillus when subjected to different chemical and physical 
agents, such os acids or antiseptics, or a high temiiorature, or desicca¬ 
tion, or the admixture of other miembos, appears far more resistant 
than the cholera microbe. 

Such a character would ensure for the typhoi<l bacillus an existence 
in more varied media, under more various climates, and a greater inde- 
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pendence from scasotuil or local changes, than is the case with the cholera 
microbe. 

Outside the endemic area cholera remains in one and the same place 
hut for a few weeks, and in any given piirt of a town often for a few 
days only. Tt is rare that it visits the same barrack more than once in 
five, sometimes ten years, and v\hen it occurs, a temporary eviieuation 
of the plfice puts a stop to the diseahe 

The typhoid vims, on the conttar}^ sticks to an infocte<l locality for 
voars, and causes a continuous incidemui of the discaso for which occa¬ 
sionally nothing short of a (omplcte desertion of the station is 
effective. 

At the same time, while the (holora infection seems to bo almost 
exclusively confined to the watei supply, in typhoid the improv'cment 
of the water appears to leave intact a l.irge number of other sources of 
<langer which up to the present have esca])e<l detection. 

AVhile thus differing in their life-history in natiue, the bacilli of 
cholera ami typhoid present important common featiiios in the manner 
m which they behave in the hiunau and animal body. 

The chief centre of inft*ction m both instances is the intestinal canal, 
the circulatory sjstcm remaining free from invasion \\’^hen inoculated 
into animals, both microbes admit of the same kind of transformation 
by p^issages from animal to animal ; and against iMith immunity can 
he cioated in laboratory arurnals by the same pieparatioii of virus as 
used in the inoculations for cholera, while, when examining the tissues 
of immunised animals, the hmiiic rnodihcations .iie detected in them as 
those observed after the anti-f holera inoculation. 

Those consideriitions have Itsl us to export fioiu the typhoid inocula¬ 
tion in man a similar protective effect to thnt observ'ed in the inocula¬ 
tion against cholera, and seeing tlnit the pciiod of life dunng which the 
newcomers to India lemain susceptible t<» typhoid extcmls only over a 
few yeiirs, it w'ould seem th.it the application of the system, when 
properly organised, is likely to piove of a very high practical value 


Itnwithihoii rt/a/ Oeuentf Me(r'tureif, 

The anti-cholera inoculation, the inoculation against plague, and that 
against typhoid thus came to put themselves on the same line as 
vaccination, and represent attempts at dealing with epidemics on a 
plan differing from measures of genetal sanitation. During the last 
few years the question has, thercfoie, Ixsen frequently ilebated as to 
the relation in which the two stand to each other 

It is scarcely nocossary to say that inoculation cannot bo suliatituted 
for a good water supply, the draining, cleansing, or improvements in 
the building of cities, or for the admission of a larger amount of light 
and air into over-crowded localities, for all those moasures to which the 

X 2 
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nations owe the marke^l improvomont in health which has taken place 
during the present century. 

Only, injustice would }>o done to the sunitaiian by calling him in 
when a patient lies alieady on his sick-bed, or when an epideime 
actually breakH out in a community, and by asking him to stay the 
sickness, or the epidemic, to improve the health of the population, so to 
say, while } on wait. 

To be dealt with, ppidcniics, like individual ibseasos, require spotifies, 
promptly admimstrable remedies, and measures of general sanitation 
can bo no more advised for <iiiesting a sharp outbreak of (.holoraor 
plague than an individual patient bo directed to build for himself a new 
house, or to dry up the marshy lands or to cut down the jungle round 
his habitation when he recpiues a dose of quinine to arrest an attack 
of ague 

The part of vaccinntiou and of preventive inocidation iii combating 
epidonins stands in the siime relation to general saiutaiy measures as 
therapeutics and the ait of the healing physnian stand to domestic 
hygiene and sanitation It is eertiuu that neither of these can ever bo 
substituted for the other. 


lumihtwH ititil (he Setfictf(iinm-J)isnifatwH 

A comparison of another kind now v'ery actively discnssod is that 
between the methods of combating epidemics by separation of sick and 
healthy, and disinfection, on the one hand, and by prevTiitiv^e inocula¬ 
tion of the people, on the other. 

From this point of view the following distinction between infectious 
diseases is to bo made — 

When w'o take some affected tissue from a leper, or a pustule from a 
small-pox patient, or virulent saliva from a rabid animal, or some 
syphilitic matter, and throw it into milk, broth, or any oig«inic sub¬ 
stance such *i« IS to lie found iu the ordinary surroundings of men, 
it produces no modification in the medium, and in the coiu'se of time 
loses its infective properties and dies out. When, on the other hand, 
we repeat the experiment with cholera, or plague, or typhoid products, 
insteiul of dying out, the contagion begins to grow and multiply, 
spreads in the medium and soon transforms the whole of it into one 
mass of infectious matter. 

It is evident that such a clistinction—the strictly parasitic nature 
of one microbe and the capacity of the other to leatl both a parasitic 
and saprophytic life—must iiiflueiice most directly the ways in which 
these diseases spread and assume epidemic forms, and also the measures 
which are likely to bo effective in combating thorn. 

In the first instance the infection must remain confined entirely, or 
almost so, to the body of the patient, and the disease can be propagated 
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only directly from individual to individual, or by means of their im¬ 
mediate lielongings. It is the inability of a virus to grow in lifeless 
nature that communicates to that disctiso a strictly contagious cha¬ 
racter. 

In the second case, provided the sin rounding conditions be favour¬ 
able to it, the VII us will spiead widely around the original focus, and 
the sources from which infection reaches fresh individuals will grow in 
number rapidly 

From the point of view of pieventivo measurcft, theicfoie, in diseases 
like rabies, or syphilis, or srnail-pox, or leptosy, uherc infection is to bo 
found in the patient alone, precautions of isolation taken with regard 
to the bick and then immediate sni round nigs, must affect diicctly the 
prevalence and piopagation of the disease , whereas in typhoid, choleia, 
or plague, whcio the paliont is only one, and pioportioiiately a limited, 
source of danger, his isolation, and the destruction of his belongings, 
leaves unaffected the vast cnltnalums of infection which aio going on 
in nature besides. Measures taken for (iKMiinsciibing the pi evalence 
of fin epidemit by isolating anil destroying the foil of infoction are less 
likely to succeed vu this categoiy of diseases , attempts at eradicating 
an epidemic or at protecting individuals by w^iys which appear effec¬ 
tive in merely contagious diseases will be in this case easily eluded ^ 
and the necessity of peisonal piotection by means of a piophylactic 
treatment will soon lie uigently felt and acknowledged. 

Cimrlmion, Th (^Jfurts i(bo usMsfvd lath* Jlmff'tiolofffad Inrrsftgotioil tn 

India, 

My Lord and (Tcntlcmcn— Peiimt me, before I lea\e this place, to 
pay a trilmte of gi<ititude for asHistanco and co-o|)CTation in the inves¬ 
tigation work in liiiha to the Otficcis of the Iiubau and Bombay 
Governmenta, to the Ihrcctor-Goneialof the Jiidian Medical Seivico, to 
Lieut-Colonel Owen, Major Bfinnermaii, Major Lyons, Major Heiliert, 
Captain Thorold, Captain Hare, CapUiii James, Captain Vaughan, 
Captain Maynanl, Captain Ktiile, Captain Stevens, Captain Green, 
Captain Clarkson, Captain Miliie, Captain Leuinaiin, of the Indian 
Medical Service, to Di (Mias) Corthorn, Dr. Gibson, Dr. Marsh, Dr, 
Balfour Stewwt, Dr Kansome, as w'cll as to Dr W, J. Simpson, Dr. 
Powell, Dr Mayr, Dr. Surveyor, Dr. Paymaster, Mr. E. II. Hankiti, 
the distinguished bacteriologist of the North-West Provincos of India, 
to His Highness the Aga Khfin, and to a number of other liuropeiin as 
well as Indian gentlemen, happily far too numerous to permit of my 
mentioning them all. 
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Jnit< 15, 1899 

The LORD LISTER, F R C S., D.C L , President, in the Chair. 

Professor E. W. Brown (elected 1898) was admitted into the Society^ 

Profosflor ^\^ F. Barrett, Dr. Chailes Booth, Professor A. C. Iladdou, 
Mr. Richard Thielfall, ami Mr. A. E Tntton were admitted into the 
Society. 

A List of the Presents received mus laid on* the tahlo, and thanks 
ordered for them 

A commuincHtion on the Echelon-grating Sjiectroscopo was made by 
Professor A. A Michclson, of the University of Chicago. 

The following Papers were road — 

I. A Comparison of Platinum and (ths Thermometers, inclmling 

* a Determination of the Boiling Point of Sulphur on the 

Nitrogen Scale an Account of Experiments made in the 
Laboratory of the Bureau International des Poids ot 
Mosul es, at Sevres.” By Dr P On Arms and Di. J. A. 
llAHKfm. Communicated by the Kew Ol^servatory Com¬ 
mittee. 

II. “A Preliminary Note on the Morphology and Distribution of 

the Organism found in the Tsetse Fly Disease.” By H. G. 
PUMMKK and J. RoSE BHAm'OUTi, F.R.S. 

III. “ The Coloui- Sensations m Terms of Luminosity.” By Captain 

AiiNEY, C B., R.h;., F.K S. 

IV. “ On the Orientation of Greek Temples, lieiiig the Rosidts of 

some Observations taken in Greece and Sicily, in May, 
1898.” By F. C. Pknro.se, F.R.S. 

V. “The Absorption of Rontgen Rays by Aqueous Solutions of 
Metallic Salts.” By Lord Blythhwood and E. W. 
Marchant. Communicated by Lord Kelvin, F.K.S. 

VI. “On the Oxidation of Carbon at ordinary Temperatures by 
means of Atmospheric Oxygen with the Ptoduction of 
P-Iectrical Energy.” By W. E. Case. Communicated by 
Sir William Prekce, F.R.S. 
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P’roceedings avd List of Papers read, 

VIL “ The Conductivity of Heiit Insulators/’ By C G Lamb and 
W. O. Wilson. Communiratod by Professor Ewing, 
1MI.S. 

VIII “ On Simultaneous Partial Difleroiitial Equations and Systems 
of Pfaffians ” By A C DlxoN. Coiumuiiicatcd by Dr. 
J. W. L. (Jlaisiier, FKS. 

IX “On the Compaiativo Efhoiency as Condensation Nuclei of 
Positively and Negatively charged Iona.” By C. T Iv 
Wilson. CoinmunRatod l>y the Aleteoiologieal Council. 

X. “Data for the Problem of Evolution in Man. II. A First 
Study of tile Inheritance of Longevity and the Selective 
I>oath-rate in Man ” By Miss MzVKv Bkkton and Professor 
Kaul Pearson, F KS. 

XI “Collimator Magnets and the Detcniiination of the Earth’s 
Horizontal Magnetic Foice” By Dr. C Chkee, F.R.S. 

XII “On the Iteaistauce to Torsion of ceitaiu Forma of Shafting, 
nith special Ueferciae to the Effect of Key ways.” By 
L. N G Filon Commimieated by Professor M. J M. 
IIlLi., F.liS 

XIIT. “On the Wateis of the S.dt Lake of TTnm.” By It T. 

Gi)ntiier and J, J Manley. Communicated by Sir John 
MumuY, K.C B , F U S. 

XIV. “On the Application of Funnel’s Double Integrals to Optical 
Problems” By CiiARl.KS GuDEitE\. Communicated by 
Professor J. J, Thumsux, F.K.S. 

XV. “ On Diselectnfication produced by Magnetism. Prebminary 
Note.” By C. E. S Philiai*s. Communicated by Sir 
William Crookes, F.U.S 

XVI. “ On the Orbit of the Part of the Leonid Stream which the 
Earth encountered on 1898, November 15.” By Dr. A. A. 
Rambaut Communicated by Dr. G. J Stoney, F.R.S. 

XVIL “On the Numerical CompuUtion of the Functions (jro{x), 
Gi(j*), and and on the Roots of the Equation 

Kn(/) = 0.” By W. Steapman Aldls. Communicated by 
Professor J. J. Thomson, F.R.S. 

XVIIL “liesearches in Alwoluto Mercurial Thermometry.” By (the 
late) S. A. Sworn. Communicated by Professor H. B. 
Dixon. F.RS 

The Society adjourned over the Long Vacation to Thursday, 
November 16, 1899._ 
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** A Preliminary Note on the Mori^hology and Distribution Of the 
Organism found in tbo I'setse Ply Disease.'* By H. 0. 
Plimmkji and J. Eosk Biudford, F.K.S., Professor Super¬ 
intendent of the Brown Institution Received June 12,— 
Read June 15, J899. 

(From iho Laboratoi^ of the Brown Institution ) 

These olmervatioiia are the result of an inquiry entrusted to us by 
the Tsetse Fly Committee of the Roycd Society, at a meeting of the 
Committee on Maich 16, 1899. 

The material for oui inveHtigations was obtained in the first place 
from a dog and a rut, inoculated with the blood of a dog autforing 
from the disease, by Mr. H. E. Durham, at Cambridge 

The organism found in the Tsetse Fly disease was discovered by 
Major Bruce, Iv.A M.C., F R S , and w'as classctl by him as a Trypano¬ 
soma. These belong to the ordei Flagollata, and, according to 
Butschli, to the sub-group Monadina 

We will, in the first place, describe the adult fom of the organism, 
such as is met >vith most fiecpiently in the blood of a susceptible animal 
affected with the disease. 


A. JJfsrrijdion of ilw Adult Fonn oj the Ti ifpunosouut, 

In freshly drawn Idood examined as a hanging drop, or as a veiy 
thin layer m a cell, the adult form of the Trypanosoma can be easily 
studied. The latter method is the better, as the organism can be 
better seen and more nccmatcly examined, in the thin, uniform layer 
of fluid than in the rounded drop. The e<isic8t method of examining 
the blood in this way is to make, with a i ed-hot platinum loop and a 
small piece of pfuaffiii, a thin ring of paraffin on an ordinary glass 
slide; the drop of blood is placed in the centre of the img and a 
cover-glass placed on it, the thm layer of paraffin preventing pressure 
If it bo (lesirod to keep the bloo<l for continuous examination, it should 
be drawn into a graduated Pasteur pipette, and one-tenth part of a 
5 per cent, solution of sodium citrate should lie drawn up after it, 
then the blood and citrate solution should be carefully mixed in the 
bulb; the tulw should then be sealed up, and drops can be taken from 
it as desired. 

Under ordinary conditions of illumination the Trypanosoma, as soon 
in the blood, appears to consist of a uniform, homogeneous mass of 
protoplasm, oi worm-liko form, with at one end a thick, stiff extremity, 
and at the other a long, wavy flagellum. It is generally in active 
motion, and this is seen to be caused by the rapid lashing movement 
of the flagellum, and by the rapid contractions and relaxations of the 
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mass of protoplasm forming, the body, and by the movements of an 
undulating membrane which is attached to one surface of the body, 
and which appears to undulate ayiiehronouHly with the contractions of 
the protopbismic body. This membrane is, excepting at the free edge, 
very transpaicnt, and can be seen much better in (itrated blood which 
has been thiclconod by the adilition of a small drop of 1 per cent, 
gelatine solution, when its contour and attachments can be much 
better made out, owing to the slower rate of Mbration etfected by the 
thickened medium 

The general shape of the Trypanosoma, when rendered quiescent by 
this means but not killed, is that* of a long oval, with one end blunt 
and the other continued into the llagellnm , the membrane is then seen 
to be attached to one side of the bmly , it begins a little in front of 
the lilunt end of the organism, and is continued at the end into the 
flagellum. 

But with better illumination, such as a very oblique pencil of rays, 
or, better still, with monochromatic light (green or blue), the proto¬ 
plasm IB seen not to be homogeneous The organism appears then as 
a highly refractive body, and near the middle, or between it and the 
flagellate end, is seen a largo dai k body much more refractive than the 
rest of the protoplasm, this is the macronucleus Near the thick, 
stiff end of the Ixxly a tiny still more refiactive body (\vith mono- 
chromatic light nearly black) is seen, which is the micronucleus. The 
addition of a diop of 5 per cent, acetic aenl makes lioth of these bodies 
much more distinct. At the stiff end of the Trypanosoma, in varying 
relation to the micronucleus, is seen a vacuole There is no suggestion 
of a mouth or of any organs, but the pnitoplasm with the most careful 
illumination appears not to be uniform, which suggests an aheolar 
structure, as described by Butschli With the ordinary simple stains 
(ha?mato>cybn, fuchain, methylone-blue, tbioniu) the tbffeicntiation is 
not much liettcr than can be ol)8orvcd by careful illnramatiou of living 
unstained orgtimsnis, as these stains aie with these, and similar 
organisms, too diffuse to be of any service. Acting on a nietho<l 
which Ehrlich oiiginated in 1889, and which Komanowsky modified in 
1891, and which has still been further elaborated by Zicmann in 1898, 
wo have used a mixture of methylene-blue and crythrosin, which has 
enabled us to follow the different stages of the Trypanosoma with 
certainty. This method depends on the fact that when a Imsic and an 
acid stain are mixed together in certain proportions, a third neutral 
body is formed, which has a specific colour reaction with chromatin. 
By the use of this method we have been able to trace the various 
stages of the organism in the blocxl and organs of the affected animals, 
which is not possible with the ordinary stains, these being useless for 
many of the forms to be presently described. With this method the 
macronucleus of the Trypanosoma is stained a clear, transparent, crim- 
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son lake, the micronuclciis a deep red, and the protoplasm a delicate 
blue; those reactions are constant throughout all the stages of its 
Hfe-histoiy. 

The protoplasm of the tnlult Trypanosoma does not stain uniformly, 
as does that of some of the other forra'ii, but there aro parts faintly 
stained and }>arts unstained which is again in favour of the alveolar 
Btiucture mentioned aboio. The vacuole is quite distinct as a clear 
round spice, when the organism is stained by this method. 

The inacronucleua is geneially of an oval or elongated shape, and it 
may 1)0 eithci unform in coloin, or ni the form of fine threads, this 
latter IS seen especially in those forms which sliow other signs of division 
The micronucleus Is seen aa an intensely stained round dot, or as a short 
rod, this latter form again lieing seen in those foims which shovv other 
signs of iipproarhing division With the highest powers (15 aporhro' 
matic objective and 18 compensating eyepiece of Zeiss) wo have not been 
able to make out any special structural characters in this body. The 
flagellum is not stained by this method, but if the preparation has 
l>ceu well fixed, it is easily visible, the vubratilo membrane aho is 
unstained, and can be geneially better studied in specimens stained by 
simple stains, preferably thionin 

As regards the movements of the organism, in piepaiations vs^hero no 
pressuie is exercised, they can lie seen moving eithei with the flagelhun 
or with the blunt end in front, but we think that the commoner mode 
of progression is with the flagcllmu forward 

The size and length of the liody vanes very much with the period of 
the disease at which the blood is examined, and with the kind of animal. 
The largest forms wo have seen have been ui rat's blood, ]ust after death, 
and the smallest in labbits Idood, eaily in the disease. 


B. Didnhutmi of the TryiHutonomn, 

1 . In the hoily of Normal AntmaU, 

(rt) III the Blood ,—We have found tbo flagellate form in the greatest 
numbers m the blood of tlio mouse, towards the end of the disease. 
In the rat also they occur in groat numbers, and in both these animals 
they can lie found in the blood on the fourth or fifth day. In the dog 
large numbers can be seen in the blood from the sixth day. In the 
cat they are fewer in nunibor in the same lapse of time than in any of 
the animals before mentioned. 

The rabbit seems to be the most refractory animal of any we have as 
yet used, and the Trypanosoma are found in the blood in small num¬ 
bers only, and at very uncertain intervals. 

(b) In the Lympiuiitc Glands ,—In the superficial glands nearest to the 
point of inoculation the flagellate organism can be found earliest. In 
the rat the Trypanosoma can be found m the iieai'est superficial gland 
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in twenty-four hours iiftor inoenhitioii ha\e not found that 

generalisation of the organism in the lymphatic glands occurs until 
nearly the end of the disease, when the organism is present in very 
large numbers in the blood. In the rHl>bit, in which the organisms ai’o 
few or rare in the blood, the glands do not show any marked change, 
and the Trypanosoma are not loadily found in them. Many other 
forms are found in the glands, to winch reference will be made 
below. 

(r) hi the Spleen, —The adult Trypanosoma is found in but small 
numbeis in the spleens of the various ainmaLs we have examined; but 
other forms are found there which will bo dcsci’il>cd later The en¬ 
largement of the spleen is pitst mot tent the most obvious fact in the 
raorbi<l anatomy 4)f the disease , it may attain even to four or h> e times 
the average volume—this is esjKieiall}'' the ease in the rat. 

(//) In the Bone-tnmt<nv —We have found either very few flagollaU* 
orguniama oi none at all, in the bono-mairow of the \anoua animals we 
ha\e wpiketl ^vitli. The m.irrow is altered in colour and structure, 
but there does not seem to bo a greater numl^er of Trypanosoiiui than 
can bo accounted foi by the blood in tlie manow 

In the other organs and parts the nnmiier ol organisms present 
depends upon the relative quantity of lilood in the pait. 

2. hi the Hmhj of Spleenfes.s Anitmth Ihe sjileen in the ordinary 
animals is the organ which is most ob\iously altered in this diseiise, 
wo have made a senes ot inoculations into animals (dog, cat, and 
rabbit) from which the spleen had been removed <i year ago. In the 
dog, the adult forms of the Trj^panoaonia are n(»t found so early m the 
blood of spleenlesR ;i9 in that of <»rdinary aiumals (Reventh day ns com¬ 
pared with foiuth (lay after inoculation). The glands, after death, 
are much more generally enlarged, and .uo reddish m colour, and con¬ 
tain many more oi'gamsnis than m the norma] animal Hoth the blood 
and glands contain, however, numerous other forms to be described 
below. 

This marked difference m the colour of the glands of spleenleas 
animals is prolwibly due to the removal of the spleen, and the glands 
consequently taking on some of the splenic fmictions. 

The bone-marrow is much altered, and m it likewise are found a 
large number of Trypanosoma: both flagellate and what arc termed 
below “aiuuaboid” forms. 

In the cat the conditions of expoiimoiit were altered, the blood (1 c.c.) 
from the infected animal being introduced, with every precaution to 
avoid contamination of the tissues, direct into the jugular vein. In 
this case the organism appeared in the blood in numbers on the fourth 
day, and the animal die(l on the twelfth day. As the Trypanosoma 
were introduced into the blcK)d stream direct, there was no marked 
glandular enlargement, but the glands were all reddish in colour, the 
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change in colour being duo to the spleenectomy. A few adult organisms 
were found in the glands and in the bone-marrow. 

In the sploenloss rabbit a few Trypanosoma have been found in the 
blood on two occasions, but the animal lived nearly two months, and 
notwithstanding the failure to detect adult flagellate forma in the 
blood on numerous occasions, the blood was always infccti\o, and con¬ 
tained niiiiicrous forms termed “ aniaOxiid ” and “ plasmodial ” below. 

C. Inferhviitf, 

(n) III Oiiluuny .hninnh .—The blood and organs of an animal dead 
of the disease lose, before twenty-four hours after death, their infective 
power. This is apparently <lue to the rapidity M'ith which decomposi¬ 
tion sets in after death, as wc h.ive found living Trypanosoma in film 
prcpiratioiis, made as descnlied above, as long as five to riy days after 
removal of the blood from the body, and wo have also found that 
largo quantities (200 c c.) of blood removed from the body into a 
stenlo vessel and kept in an atmosjiliero of oxygen, retain their virulence 
for at least three da}fi, mitwithsUiiding the fact that the flagellate form 
cannot be demonstrated. 

Wo have found that the blood ol the dog is infective at least two 
days before any adult Trypanosoma (an bo seen in the blood, and wc 
have also found that the blood of the spleLMiless rabbit, m wdiicb we 
have only on two occasions seen any adult forms, is iiuanably infec¬ 
tive. This of coiu’se suggests the idea that the organisms must be 
]jresent in aiiothci form, and we have been able, by the use of the 
method of staining desciibcd above, to demonsti ate the presence of 
other forms in the Idood and organs, and h<ive shown, by the experi¬ 
ments just mentioned, that the iiifectivity of the blood, in cases where 
there are no flagellate foi ms discovcrahle, depends in all probability 
upon tho piosenco of one of the other forms which the Trypanosoma 
.'issumes. 

Although a dilTcroutial stiiining method, such as tho one wo have 
used, 1 ^ necessary for following and demonstrating tho various stages 
of the life-history of tho Tryjkuiosoma, still these stages can be seen in 
unstained living specimens, with very caieful illumination. As a 
matter of fact, our first observation of them was in unst^iined prepara¬ 
tions. 

In the blood of tho dog, cat, rabbit, rat, and mouse, besides the adult 
forms as desenbed above, which, as mentioned, are very various in 
size, there are adult forms undergoing division, both longitudinal, 
and transverse, to which reference will bo miulo later. Also two 
organisms are sometimes seen with their micronucloi in close apposi¬ 
tion, or fused together, with more or less of their bodies also 
merged together. Such forms wo believe arc conjugations. Again, there 
are other largip forms, with or without a flagellum, m which the chro- 
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matin of tho mHcronucleiis id1)rokonup into a number of tiny granules, 
not bigger often than tho microniicleus. Besides these there are othoi* 
forms, which we call for convenience hero “ ama*lK)id” fonus, by which 
term we mean single, small, irregularly shaped forms, with or without a 
flagellum, but always with a macro- and micro-riucloua These nuclear 
structures are generally surrounded by a very delicate envelope of 
protoplasm, of gieater or lesser extent, but occjisionally forms are seen 
which scorn to consist only of chromatin, with or without a fiagellnni. 
Besides these, again, there aic otJiei bums which we call, also for con¬ 
venience, “ plasm 0(1 ml ” forms, meaning thcicl»y an aggregation or 
fusion of two or more amadwwd b^ims. In the ])lood these plasmodia 
are not generally very large, but may show evidenLC ot from two to 
eight separate elements Signs of division arc veiy common ; but in 
tho blocKl one does not often meet with a plasmodiuni dniding up into 
more than foui oigaiusms of the adult shape The plasmodial form 
also retains intact the two nucleai stnictures—the macro- and micro- 
nucleus— which we believe divide in the pLisniodium, thus increasing 
Its size. 

In the spleenless animals the blood may contain no forms but tho 
amceboid and plasmodial, such as i.s tho case in the rabbit, yet this 
blood IS infoctno; moreover, in the dog, lief ore the adult organism 
appears in it, the blood is infective, and therein, at this period, those 
plasmodial foims can bo demonstrated In the glands these plasnuxlial 
forms aie found, but only in quantity in those animals fiom which tho 
spleen has been removed. 

The spleen is tho oigaii vvhit h shows those forms in tho greatest 
ubimdance Tho whole spleen is crammed in eveiy jwit with plas¬ 
modia, which uio wedged in between the splenic cells m every direc¬ 
tion ; many aiKclioid forms, and also immature flagellate fonns are alscv 
seen, but tho most sinking thing is tho enormous quantity and uniform 
distribution of the plasmodia. The great enlargement of tho bpioon, 
which we have found constjint in all tho animals wo have used, is 
caused by this mass of plasmodia, which wo have found in tho spleen 
within forty-eight hours from the time of inoculation. 

In tho marrow these plasmodial forms aio only found, so far as our 
oxporiencG goes, in those animals from which tho spleen has been 
removed. In these cases there are both plabiuodial and amroboid forms 
in the marrow, tho latter the more abundant. 

The principal differences in tho distribution of tho plasmodial forms 
in aninuds with and without spleens is this. that in tho animals with 
spleens tho organ of choice for tho plasmodia is tho spleen, but they 
are also found constantly in tho blood, and in less quantity in the 
glands, whereas in animals from which tho spleen has boon removed 
the plasmodial forms are plentiful in the blood, the glands, and the 
bone-marrow. 
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D. Life-Hisioi y of the Trypanosoma “ Brucii.” 

Besides the forms mentioned above, wc have seen in the blood and 
in the organs divisions of the adult form, l)oth longitudinal and trans¬ 
verse, the former the more frequent; hut wo think that this direct 
mode of reproduction is far loss common than the indirect by means 
of conjugation (proliably), 1 breaking up of (‘hromiitin, prwluction of 
amoeboid forms, with sul^scqueut <U\ision of these KTuct*boid forms, and 
the fomation of phismodia by the aggregation or fusion of the 
Hmo'boid forms, and these finally gning ofl' flagellate forms, at first 
small, and gradually increasing up to the normal adult form. 

So that we sJiould tentatively sumtnariHe the lifo-liistory of the 
Trypanosoma found in Tsetse Fly disease, which we think might properly 
bo called I'n/jutvomn^t Ihitnt," in recognition of the work olono in 
connection with it by its discoverer Major Bruce, F R.S., as follows :— 

1. lieproduction by division, this being of two kinds:— 

(//) Longitudinal, the commoner. 

(h) Transverse, less frequent 

2. Conjugation, consisting essentially, so far as our observations go, 
of fusion of the micToimclci of the conjugating organisms. 

(u) After this wo are inclined to place those forms mentioned above, 
in which the chromatin is broken up, and scattered more or less uni¬ 
formly through the whole body of the Trypanosoma, since this occurs 
after conjugation in other (jrgaiiisms not far removed biologically from 
this one. The next stage in our opinion is the ama*boid, we think 
that the flagellate form becomes anneboid perhaps after conjugation, 
but also probably aptirt from this process. 

(6) Amteboirl forms. These are found with and without flagella, of 
various shapes and sizes, Init always possessing a macro- and micro- 
nucleus. These forms arc constantly seen in the process of division, 
and sometimes are ^ory irregular in shape, with, in this case, an 
unequal number of macro- and micro-nuclei, the latter being the more 
fibundant The amfpboid forms then fuse, or aggregate, together to 
form— 

(c) The plasmo<lial forms Whether those are true plasmodia, or 
whether they are only aggregations of amceboid forms it is not yet 
possible to say, but as many related organisms form tnio plasmodia 
we are inclined to look upon those masses, provisionally, as true plas 
media. In the spleen these plasmodia reach a large size. From these 
again are given off— 

(//) Flagellate forms, which increase in size, and become the ordinary 
adult form. Small flagellate forms are not infrequently seen in pro¬ 
cess of separation from the margin of those plasmodial masses. 

Besides these forms we have observed frequently, especially in rat’s 
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blood after death, the adult forms arranged in clumps. They appear^ 
upon watching them for a considerable time, to get tangled together 
to form a largo writhing mass ; then the movements bocomo gradually 
slower in the centre of the mass, and are only seen at the periphery. 
At this stage, if the specimen bo fixed, tho intiss appears to be made up 
of a quantity of macro- and micro-nuclei, as tho protoplasm does not 
stain, except in the organisms at tho periphery, ue , those which have 
tirrived latest. Eventually these, too, become motionless, and tho mass 
liocomes an indistinct collection of gianular matter, which is not 
infective, so that wo look upon these tangles as a proof of death. 

Since these observations were made, there has been published an 
important paper on the Rat Trypanosoma, by Lydia liabinowitsch and 
Walter Kempner in tho ‘ Zeitschnftfur Hygiene,* vol. 30, Part 2. We 
have been able to confirm many of the observations and statements as 
to tho morphology and reproduction of the Trypanosoma made by 
these writers. But there is no mention made of tho plasmodial stage, 
or of any reproductive stage elsewhere than in tho blood; and the 
writers recognize only three methods of repioduction, namely, longi¬ 
tudinal and transverse division, and division by segmentation. This 
segmentation, they consider, anses from one organism, and they state 
that it may divide up into as many as ten to sixteen elements. This 
segmentation form would seem to correspond to our plasmodial stage, 
but W'o have seen much larger masses than those mentioned above, and 
they do not notice the enormous masses of plasmo<lia which infil¬ 
trate the spleen in every direction, and which can bo found also in 
glands, and marrow. Moreover, their amoeboid stage (Kugelform) 
would prcco<lo tho segmentation form, and therefore the “ Kugelform ” 
should be much larger than the ordinary adult form, but we have 
observed that as a rule, our amcwlxiid forms ai'e very much smaller 
than the adult forms, some not being visible with any liut the highest 
magnifying powers ; so that we have been unalilc to accept this form of 
division by segmentation, except in tho form in which wo have 
described it above, our plasmodial stage. 
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“ The Colour SensatiouB in Terms of Luminosity/* By Captain 
W. DK W. Abnkvt, C.B., D.C.L., F.R S. Received February 23, 
—Read Juno 15, 1899. 

(Abstract.) 

This paper deals with a determination of the colour sensations 
based on the Young theory by means of measures of the luminosity 
of the throe different colour components in a mixed light which 
matches white. At the red end of the spectrum there is only one 
colour extending to near C, and there is no mixture of other colours 
which will match it, however selected. At the violet end of the spec¬ 
trum, from the extreme violet to near G, the same homogeneity of 
light exists, but it is apparently <lue to the stimulation of two sensa¬ 
tions, a rod and a Iduc sensation, the latter never being felt unmixed 
with any other. Having ascertaiiieti this, it remained to find that 
place in the spectrum where the blue sensation was to bo found 
nnmixed with any other sensation except white. By trial it was found 
that close to the blue lithium lino this was the case, and that a 
mixture of this colour and pure rod sensation gave the violet 
of the spectrum when the latter was mixed with a certain quantity 
of white. The red and the bine sensation being located, it remained 
to find the green sensation. The complementary colour to the 
red in the spectrum gave a position in which the green and blue 
Bensations were present m the light proportions to make white, and 
a point nearer the red gave a point in which the re<l and blue sensa¬ 
tions were present in such proportions as found in white, but 
there was an excess of gi-een sensation. By preliminary trials this 
point was found. The position in the spectrum of the yellow 
colour complementary to the violet was also found. The colour of 
bichromate of potash was matched by using a pure red and the 
last-named green. To make the match, white had to bo added to the 
bichromate colour. A certain small percentage of white was found 
to exist in the light transmitted through a bichromate solution with 
which the match was made, and this percentage and the added white 
being deducted from the green used, gave the luminosity of the pure 
green sensation existing in the spectrum colour which matched the 
bichromate. Knowing the percentage composition in luminosity of 
the two sensations at this point, the luminosity of the three sensations 
in white was determinoil by matching the bichromate colour with the 
yellow (complementary to the violet) and the pure rod colour sensa¬ 
tion. From this equation and from the sensation equation of the bi¬ 
chromate colour already found, the composition of the yellow was 
determined. By matching white ^vith a mixture of the yellow and the 
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violet, the sensation equation to white was doterminecl. The other 
colours of the spectrum were then used in forming white, and from 
their luminosity equations their percentage composition in sensations 
were calculated. The percentage curves arc shown. The results so 
obtained wore applied to various spectrum luminosity curves, and 
the sensation curves obtained. The areas of these curves wore found, 
and the ordinates of the green and violet curves increased, so that 
both their areas were resiioctivoly equal to that of the rod. This gave 
three new curves in which the sensations to form white wore shown by 
equal ordinates. 

A comparison of the points in the spectrum where the curves cut 
one another, and of those foiuid by the red and green blind as matching 
white, show that the two sots are identical, as they should bo. 
The curves of Koenig, drawn on the same supposition, are tailed attention 
to, and the <lifference between his and the now deternun.ition pointed 
out. 

The red below the red lithium lino, as already pointetl out, excites 
but one (the red) sensation, whilst the green sensation is felt in greatest 
purity at A. 5140, and the blue at A. 4580, as at these points they are 
mixed only w’lth the sensation of white, the while being of that 
whiteness w'hich is seen outside the colour fields. 


“The Conductivity of Heat Insulators.” By C. G. Lamb, M.A., 
B.Sc., and W. CL Wilson, llA. Communicated by Trofessoi 
Ewing, EILS. lieceived May —Head Juiu* 15, 1899. 

The comjjarative efficiency of materials used as insulators has Ijeen 
the subject of several investigations ; the majority of these have been 
conducted at fairly high temperatures, and it may bo questioned 
whether the results can be applied to the same materials when used as 
a lagging to protect bodies at low temperatures Moreover the 
methods adopted do not seem susceptible of any considerable accuracy. 
The method to be described was devised with the object of using 
lower temperatures and smaller ranges than had been used m previous 
experiments, to attain a perfectly steady state of heat transference, 
and allow of greater accuracy and simplicity m the measurements. 

The substances selected for expenment so far have been those which 
could easily be tested in the dry state, without being made up into 
cements; they include air, sawdust, charcoal, pine shavings, paper, 
asbestos, sand, silicate cotton, hair felt, rice husks, and a heat insulator 
known as “ kapok.” 

The methoil employed consisted in placing the material under test in 
the space between two cylindrical copper pots, kept at a definite distance 
apart by pieces of vulcanised fibre, the inner pot coutamod a small 
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motor with a fan attached to the axis; a tin-plate cylinder, open at the 
top and with holes at the bottom, was put inside to direct the currents 
of air over the inner surface of the inside pot, in the direction of the 
arrows shown in Fig. 1. Energy was supplied electrically to a heating 


Fio. 1. 



coil within as well as to the motor; this constituted an internal supply 
of heat, which maintained the temperature within the pot at any 
decided upper limit. The motor and heating coil were connected in 
series, and leads were carried through a small hole in the lid of the 
pots to measuio the current and potential difference, and thus the 
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power expended on internal heating was measured. The outer pot 
was imitieraed in a tank kept overflowing from the water main, the 
lid of the pot being made into a sort of saucer, into which the incoming 
water ran, thus the outer pot’s surface was kept at a uniform and 
constant temperature. The resulting temperature differences were 
measiu'od by means of thermo-electric junctions of copper and iron, in 
a way shortly to be described. The current was allowed to pass steadily 
into the inner pot, driving the motor and fan, until the inner thermo¬ 
electric junction arrived at a steady % aluc, this usually occurred in 
about throe hours or so, when this was the cube, the supply of energy 
by the current was just equal to the heat condurtod through the insu¬ 
lator and earned off by the water. Knowing the temperature gradient 
and the number of watts supplied and the ^limensions of the system, 
we can deduce the specific conductivity of the matenal 

The general arrangement is shown in Fig 1 (F) is the outer pot 

which stood in the tank, its approximate dimensions were 8 inches in 
diameter and 16 inches high; (Q) is the inner pot, with one inch clearance 
between it and the outer one; outside are shown the voltmeter (V), 
ammeter (A), and adjustable resistance (i); insider the pot (Q) are <i 
fixed resistance (U), the motor (M), and fan (F). To a point about the 
middle of each pot, inside the outer, and outside the inner, are soldered 
the copper-iron junctions B, C, which are brought outside to a three- 
way plug and a galvaiiomotor. a is a junction placed in a vessel of 
water at a known tomperaturo ; </ is a galvanometer of the Crompton- 
D’Arsonval pattern. The junctions used were always made of exactly 
the same length to keep the total rcsist.ance conbtant, and on calibra¬ 
tion wore found to give a linear i elation between temperature difforonce 
and deflection on the galvanometer within the ranges which were to 
be used, and during each experiment a check calil^ration at two known 
temperatures was made by means of a third jiuiction in water at 
another known temperature. When a steady Kt.ite was attained, the 
temperatures of B and C above A were measured by the deflections 
and calibration tests. The reason for the above indirect method of 
measuring the difference of temperature Ijetween B and G was to avoid 
possible leakage currents. The flow of heat per second from the inside 
pot to the outside one will be given by the expression H == where c 
is the specific conductivity, B is the temperature difference, A is a constant 
depending on the sisse of the pots, being the area in s({uare centimetres 
of two plane surfaces, distant one centimetre apart, that would permit 
the same flux of heat as the actual arrangement employed under the 
same conditions of heat transference and temperatiu*o gradient. The 
value of X was calculated from careful measurements of their dimen¬ 
sions, on the assumption that the flow of heat could be taken as radial 
for the sides, and from the top and bottom of the inner, to the bottom 
and top of the outer, pot; this leads to the expression 
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for this quantity, where /j and are the lengths, n and the radii of 
the pots. This gives for X the value 1560 when the lengths are 
measured centutietres If W denote the rate of supply of energy in 
watts, the rate of transference of heat in gram-C“-nnit8 when the 
steady state is attained will Ix) H =: 0*239 W. Hence, if r is the 
sliocific condurtivity, and 0 the temporaturo gradient, 

II - 1500 

w 

therefore r ^ 0*000153 

0 


Two points had to 1)6 settled before the determination could bo 
evaluated:—(1) AVhether the temperature was uniform over both 
copper pots; (*2) whether any part of the temperature gradient was 
duo to a sudden drop at the surface of separation. As regards the 
outer pot, since it la wholly surroiuidod by water, its temporaturo 
must bo luiiforrn, and the inside and outside can only differ by the 
drop through the copper, which is eliminated by putting the junction 
inside that pot, to tost the question as regards the inner pot (and 
partly as regards the outer one) junctions wore placed at various 
points on the surfaces, as well as at certain other points, as shown ia 
Fig. 2. The result of this experiment is given l>elow. 


Junction 

1 

a 

a 

4 

5 

0 

7 

8 

0 

Temperature 
relatire to 8 

26 6 

25 -6 

_ _ 1 

26 4 

25 2 

13'8 

0 6 

0*6 

0 

28 •! 


U will lie seen that the temperature over the surfaces of the pots 
was practically unifonn, and hence the determination of the gradient 
could be satisfactorily determined from readings taken with one junction 
on each pot, as at first doscri1)ed. 

The second point was tested as follows:—A third pot was provided, 
having a clearance of 1 inch with regard to the former larger pot; 
under similar conditions as to character of insulator and power sup¬ 
plied the temperature gradients in the case of the two combinations of 
small and medium, and small and large, pots were measured; the ratio 
was found to be 0*54. The value of A for the new arrangement of 
small and large pots was calculated, and found to bo 840 in centimetre 
measure, being thus 0*538 of the standard combination. The close 
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agreement between theee values shows that no appreciable drop occurs 
at the separating surfaces. 

These points being settled, the various substances named above were 
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Material* 

Tem^ra. 1 

differenc..: j 

<*. 

Air (no baffles). 

Pipe sawdust. 

Fine shavings. 

Brown paper (crumpled up).. 

Hair felt (broKen up)... 

Hair felt in two sheets, ^ inch 

thioheaoh.. 

Hty asbestos .. 

Charcoal . 

Sand.. 

Bioe husks... 

isaSSIJ 

Silfoata ootton. 

10 2 

19 8 

19 -5 

20 2 

25 8 

27 *2 
14*9 

27 8 

80 

14 0 
23*2 
27*8 
24*7 

25 0 

31 -7 
20*8 

22 *0 

24 6 

18 9 
29*0 

27’2 
80*0 

13 7 
2L*8 

22 -3 

24 5 

1 30 
1*68 
1*06 
\ *09 
0*96 

0*69 

1*94 

0*08 

4*86 

0*98 

0*94 

0 80 
0*09 

0*000200 

0*000242 

0*000162 

0*000167 

0*000146 

0*000106 

0 000297 
0*000160 
0*000740 
0*000150 
0*000144 
0*000122 
0*000151 
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placed between the pots, and the watts and temperature gradients 
were determined in the manner described. At least two tests of each 
material were made, the mean temperature throughout being about 40" 
centigrade. The results are given in the table (p. 287). 

It will bo noticed that hair felt was the liest insulator that was tested. 
The insulation in the case of brown paper was practically that of air 
with subdivided spaces, as the paper occupied relatively a small volume; 
a comptinsou of this with insnlf^tion hy air only will show how great 
an improvement in air-lagging such a simple expedient will give. 

In lepeuting the experirnonts with wider ranges and a higher me^m 
temperature, indications wore ob8er\’ecl tending to show that the con¬ 
ductivity is a function of the temperature. It is hoped to continue 
the investigation as regards this point, and to extend it to other insu 
lators. 


“ On the Orientation of (Ireek Temples, being tlio Itesults of some 
Obseivations taken in Oreeee and Sicily, in May, 1898.** By 
F C Tenuose, M.A, FBS Keeeived May 5,—Bead June 
15, 1899. 

(Abstract.) 

The orientation of the Caboiiioii Temple, near Thebes, of which the 
angle has been (Usputed (sec p. 46 in my paper of 1897), was re¬ 
measured with the theodolite in May, 1898, and the previous observa¬ 
tions confirmed. An additional example is added from an archaic 
Temple of Neptune in the Isle of Poros, introducing the employment 
of the bright zodiacal star Rcgulus, which I had not before met with. 

In Sicily the re-exaniinatioii of the temples at Girgenti, where, in 
my former visit, I had relied for azimuth on the siin^s shadow and the 
time, has enabled me to give to the elements some amendments in 
detail, the only point of consequence being, that the orientation date 
of the temple named Juno Lacinia is brought within the period of 
the Hellenic colonisation of that city. 

The most interesting point in the paper seems to bo, that in the 
case of two Athenian temples, namely the Theseum and the later 
Erechtheum—*>., the temple now partially standing—it is shown •that 
the days of those months on which the sunrise, heralded by the star, 
illuminated the sanctuary, coincided exactly, on certain years of the 
Metonic cycle, with the days of the Athenian lunar months on which 
three important festivals known to be connected with at least one of 
those temples were» held. The years so determined agree rpmarkably 
Well with the proba'^le dates of the dedication of those temples; and 
in the cose of the fir&t mentioned, the festival, which was named The 
Thesea, seems to leave little doubt that the traditional name of the 
temple, which baa recently been much disputed, is the correct one. 
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On the Comparative Efficiency as Condensation Nuclei of posi¬ 
tively and nej^atively charged Tons.” By (’. T. 11 Wilson, 
M.A. Coiniuunicated by the Meteorological Council. Ei'- 
ceivod May 11,—Bead June 15, 1899, 

(Abstract.) 

The expcrirnents described ni this piper wore undertaken with the 
object of throwing some light upon what appealed to ]>e £undameut*il 
questions m connection with the electrical otfocts of precipitation. It 
was hoped in this way to make some advance towards an understand¬ 
ing of the relation between rain and atmospheric electricity. 

It was pointed out by Professor J J. Thomson* that if positive an<l 
negative ions differed m their power of con<lensuig water around them, 
drops might bo formed upon one set of ions only, and sepiration ot 
positive and negative electricity would then take place by the falling 
of the drops, the work recjuired for the production of the electric field 
being duo to gravity. 

To make this process worthy of consideration as a possible source of 
atmospheric electricity, it would be necessary to show reason for 
believing (1) that atmospheric air in the regions in which ram is 
formed is likely to contain free ions, (2) that positively and negatively 
charged ions differ in their efficiency as condensation nuclei 

It is mainly with the second of these questions that this paper deals. 
The result of this part of the investigation was to prove that water 
condenses much more readily on negative than on positive ions. The 
experiments consisted in measurements of the expansion required to 
cause con<lensatiou in the form of <lrop8 in air initially saturatwl and 
containing ions, alternately nearly all positive and nearly all negathe. 
The ratio of the final to the initial volume being indicated by 
then, to cause water to condense on negatively charged ions, the super¬ 
saturation must reach the limit corresponding to the expansion ^ 
1*25 (approximately a fourfold supersaturation). To make water con¬ 
dense on positively charged ions, the supersaturation must reach the 
much higher limit, corresponding to the expansion Vi/vi = 1*31 (the 
supersaturation being then nearly sixfold). 

We see, then, that if ions ever act as condensation nuclei in the 
atmosphere, it must bo mainly or solely the negative ones which do so, 
and thus a preponderance of negative electricity will bo carried down 
by precipitation to the earth’s surface. 

Incidentally it was proved that the difference between the effects as 
condensation nuclei of the positively and negatively charged ions is 
not to be explained by supposing that the charge carried by the nega- 

* * Phil. Mag / Decemhor, 1898. 
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live ions is, say, twice as great as that carried by the positive iona^ for 
equal numbers of positive and negative ions are produced by the 
ionisation of the neutral gas. 

Attempts were now made to find an answer to the first question 
suggeste<l above—Is there any evidence that ions are likely to bo 
{iresent under normal conditions in the atmosphere 1 

Former experiments furnished a certain amount of evidence in 
favoiu* of an affirmative answer. 

When moist dust-free air is allowed to expand suddenly a rain-like 
condensation always take place if the maximum 8upersatiu*ation exceeds 
a certain limit. This limit is identical with that requirotl to make 
water condense on ions ; the identity is in fact so exact as to furnish 
what is at first sight almost convincing evidence that ordinary moist 
air is always to a very slight extent ionised. The number of these 
nuclei is too small to make the absence of sensible electrical con¬ 
ductivity m air under ordinary conditions inconsistent with the view 
that they are ions. 

AH attempts, however, to remove these nuclei, by applying a strong 
electric field such as would have removed onlinary ions almost as fast 
as they were produced, have failed, even when a differential apparatus 
was used, such as would have made manifest even a slight diminution 
in the number of the nuclei by the action of the field. The same is 
tnic of the similar nuclei produced by the action of weak ultra-violet 
light on moist air. 

Such nuclei, therefore, in spite of their identity as condensation 
nuclei with the ions, cannot be regarded as free ions, unless we suppose 
the ionisation to bo developed by the process of producing the super¬ 
saturation. This question requires further investigation. 


“ Data for the Problem of Evolution in Man. II. A First Study 
of the inheritance of Longevity and the Selective Death-rate 
in Man.” By Miss Mary Beeton and Karl Pearson, r.B.S., 
University College, London. Eeceived May 29,—Bead June 
15, 1899. 

1. According to Wallace and Weismann* the duration of life in any 
organism is determined by natural selection. An organism lives so long 
as it is advantageous, not to itself, but to its species, that it should live. 
But it would bo impossible for natural selection to determine the fit 
duration of life, as it would he impossible for it to fix any other 
character, unless that character were inherited. Accordingly the 
hypothesis above referred to supposes that duration of life is an 

• Seo Wdismsnn, *Oii Heredity,' Xtisyi I and II, and especially Professor 
Poult on's note as to Wallaoe, p. 38, of first English edition. 
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inherited character. So far as wo are aware, however, neither the 
above-mentioned naturalists nor any other investigators have published 
researches hearing on the problem of whether duration of life is or is 
not inherited. Wo are accustomed to hear of a particular man that 
“ ho comes of a long-lived family/’ but the quantitative measure of the 
inheritance of life’s duration does not yet seem to have been deter¬ 
mined. This alisence of investigation appears the more remarkable 
as a knowledge of the magnitude of inheritance in this respect would, 
we should conceive, be ot primary commercial importance in the con¬ 
sideration of life insuranoo and of aiiniutios. The biological interest of 
the problem, as we have already notice<l, is very great. 

2. It will be well in the first pl/lco to point out that the problem is 
by no means an ttisy or a straightforward one. The ages at death of 
even close relatives must bo found from records of some kind, or else 
collectetl ab untio, Kow if we take records like the Peerage, Baronetage, 
Landed Gentry, family histones, and private pedigrees, find various 
serious omissions. In the first place the ages of the w'omen are rarely 
given, pages of the Peerage or Luiiiled Gentry may bo examined before 
a single record is found of the ages of two sisters at death, or even of a 
mother and a daughter. Further, the census and other returns show how 
liable w'e are to find womou's ages given erroneously. Family histones 
and pedigrees sudor iii the same way, the pedigrees are mostly taken 
through the male lino, and the women’s ages can <»nly l>e found m rare 
cases. An exception must be made iii the case of the Quaker family 
histories, such as those of the Backhouse, Whitney, and other families.. 
Here the data are as full for the women as for the men, but naturally 
the history of a single, even much-branched family, does not provide 
anything like the matenal that the Peerage and Landed Gentry do m 
the case of men. For this reason our first study is confined to inherit¬ 
ance of longevity in the male lino We hope eventually to collect 
enough data for inheritance in the fenialo line, but it will take a longer 
time to amass, and we fear will scarcely be as homogeneous. 

In the second place, the sources to which we have referred omit 
more or loss completely all record of the ages at death of infants and 
children. The Quaker recoids give better results than the Peerage, 
but even here the gi^eat bulk of child <leaths appears to remain lui- 
rocorded. Out of 1000 males bom in this country more than 300 die 
before they are 20 years of age. But when 1000 cases of ages of 
father and son wore taken out of the Landed Gentry, only 31 cases 
showed the death of a son before 20 years of age. Of 2000 brothers 
from the Peerage in 1000 pairs, only 21 individuals died before 20 
years of age. In the Quaker histories wo found about 16 per cent, of 
deaths before 20 years of age. Clearly such early deaths are not 
represented in anything hko their proper proportions. They will 
hayo to be found from other sources; possibly by direct inquiry, and 
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the issue of data cards. Wo wore thus compelled to limit this- first 
study to the case when both rolativos tlie at a gi*eater age than 20. 
In the case of fathers, when we are dealing with the correlation 
between father’s and son’s ages at death, this is practically no limita¬ 
tion at all, as no father dying under 20 years of ago was mot with. 
In the case of the oft’spring, however, the limitation cuts off* the dis- 
tnbutioTi somewhat abruptly with a finite ordinate at 20—25, five 
years being our unit of grouping. 

3. Now duration of life is a very different character to eye-colour, oi 
to some extent to the size of organs in adult life. Eye-colour is fairly 
well deleiminetl, it may change with old age slightly, but it cannot 
transform itself fiom light blue to hrown. Again, nouiishmont and use 
undoubtedly affect the size of organs, but they arc likely to influence 
father and son, or, at any rate, brother and brother, in much the same 
way, for they are members of the same family and the same class. On 
the other hand, death depends not only on inherited constitution but 
on innumerable chance elements of environment and circumstance 
The environment both of home and period is much more alike for two 
brothers than for a father and son; food, saiiiUition, habits of life, 
change considerably in a generation, and two brothers hewe more equal 
chances of life than a father and son. But even wdth two brothers, 
one may live on the family estates and the other ruin his health in 
Atnca or India. Hence, while the non-difforontial death-rate will not 
materially alter the correlations between most characters in relatives, 
It must seriously affect the correlation between the durations of life in 
father and son, and to a Icbscr extent between brother and brother. 
A good stock may be better protected against death than a weak one, 
but no stock at all can resist certiiin attacks. Hence if wo look upon 
death as a marksman, p per cent, of his shots are, wo may say, sure to 
bo effective whatever they hit, this is the non-diftercutial death-rate, 
the remaining 100per cent, of his attacks will only bo successful 
on the weaker stocks. Now the effect of this conception of (leath’s 
/iction is that the correlation table for ages at death of any pair of 
relatives must be looked upon as a mixture of uncorrolatod material— 
deaths due to the non-differential death-rate, and correlated material— 
deaths due to the differential or selective death-rate. At different 
periods of life also one of these death-rates may give more material to 
the table than at another. In the case of fathers and sons we should 
expect the non-differential doiith-rate to bo more numerous in its con¬ 
tributions than in the case of brother and brother. 

Now It has been shown by one of us that when correlated material 
is mixed with uncorroluted material, the result is approximately to 
reduce the coefficient of correlation in the ratio of the amount of corre¬ 
lated to the total amount of material.* Hence, if we assume that the 
^ * Phil. Trans.,* toI. 102, p. 277. • 
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actual correlation l)etween constitutional strengths to resist death 
w'ould he given, at any rate approximately, hy the values determined 
for other characters in a memoir on the Law of Ancestral Heredity,* 
wo have clearly a methwl of to some extent ascertaining the proportion 
of the selective and non-soloctive death-rates in man. In the sequel 
it will l>e shown that from the age of 20 to the end of life our ta])les give 
a correlation hetween the duration of life of father and son of about 
0*12 to 0*14, and between hi other and brother of about 0*26. Accord¬ 
ing to the Ijhw of Ancestral Heredity we should cxiicct those quantities 
to lie about 0 3 and 0*4. Hence we conclude that the amounts of 
correlated material in the two case.s are 40 to 50 per cent, and 65 pot* 
cent. But if yjN be the number of cJisos in which the death-rate is 
selective for N indivi<luals, 7 >-N \vill bo the numlnir of cases for which 
it is selective when wo take pairs of individuals. In other words the 
selective death-rate in the first cawet is about 63 to 70 per cent, and in 
the second about 80 per cent, of the total death-rate. Without laying 
great stress on the actual numbers just stated, wo think that they are 
sufficiently close to domonatrato that substantial selective iloath- 
rato actually exists at woik on mankind, and that with like environ¬ 
ment It may amount to as much as four times the nou-sclective death- 
rate. J In other wonls, having demonstrated that duration of life is 
really inherited, wo have theieliy domonstiated that natural selection 
is very sensibly oftectn o among mankind. The natural selection we 
are hero dealing with is not in the fimt place, of course, a result of any 
stnigglo of indnidual with individual, but of indiVKliuil with environ¬ 
ment and with the defects of personal physKpie. 

4. Ill order to show the biological importance of investigating the 
inheritance of duration of life, we have cited the results olitained for 
coi relation between the ages at death of father and son and brother 
and brother. But the method by which these results wore obtained 
requires fiu'ther dis(‘usfaion. We have alroarly seen the need to exclude 
deaths under 20 yoam, but oven then we have not got in the case 
of father and son two like groups of material. The father has Ijoea 
more severely selected than the son. Ho has lived to become a father, 
and ho is strong enough to be the father of a son who lives to 1>0 

• * Roy. Soc Proc toI 62, pp. 307 and 100. 

t This select ire death-rate from the data for fatlier and son must be mfcerprofcod 
lu the sense indicated nboie. The drop from 80 to 65, say, por cent, is in itself a 
measure of the change of environment ot the two generations. 

i The correlation on winch this del ermination is based might bo illusory, if 
families w ere reared imder very individual environments j the corrolatiuii in 
duration of life of bruOiers, for example, might theu be a result of their individual 
family euvironmout. But the ouviruninont uhen we tako comparatively lioinu- 
geueous classes like the Peerage or Lauded Gentry must bo very similar, aud w e 
think this source of error, suggested to us by Professor Weldon, while very re*il 
has boon sufficiently providod against 
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20 years of age. Evidence of this selection is to be found i|i the 
facts that (1) fathers have a mean age 5 to 7 years greater than 
that of their sons; (2) the variability of their age at death is very 
sensibly less than the variability of their sons' age, i.r., as 2*9 to 3 5, 
or (3) by noticing for example that m our first table 82 sons as 
against 20 fathers die l^eforo 32*5 years of age, and that in our second 
table some 100 sons as against 20 fathers die liefore 35 years of age. 
Clearly the group son ” is a much weaker type than the group 
** father.” As will be shown in a memoir on the effect of selection on 
correlation, this want of hkenesa in fathers an<l sous itself teruls to 
modify the correlation l)etwcen them.* 

While this selection occurs only in the case of fathers and sons and 
not in the case of brethren, still the general character of the correla¬ 
tion surface is alike in both. It ia known that the curve of frequency 
of death at different agesf is by no means normal. It is probably 
compound, and only approximates to normality round three score 
years and ten. It would hardly, however, fulfil a useful purpose to 
deal only with the correlation of ages of death of relatives lioth dying 
under the old ago mortality group, even if on the sunny side of 70 we 
could distinguish old age from middle age mortality. But in dealing 
with correlation and regression in such cases as this, wo must throw 
entirely on one side any notion of normal surface and curves of erior, 
and go simply to the kernel of the affair. 

What we want is the law connecting the moan age at death of one 
relative when another relative has dioil at a given ago. WHien the 
given age of the latter and the mean age of the former are plotted to 
foim a curve, this curve is the i egression curve whatever bo the form 
of the frequency surface. The hue of closest fit to this curve is the 
regression Imo, ami Yule's theorem! tells us that the slope of this lino 
18 found in exivctly the same way as if the frequency surface were a 
normal distribution. The slope of this lino has nothing whatever to 
do with the particular form of surface, and may be found even if wo 
cut off a portion of the surface parallel to one axis, if we take the 
regression lino ft)r fathers or sons we get the liest fitting lines in pre¬ 
cisely the same manner whether we take all sons dying from infancy 
to old ago, or only those from 20 years onwards. If, of course, the 
regression curve is sensibly linear, then the regression lino is the true 
curve of regression. Everything proved in the memoir, On the Law 
of Ancestral Heredity ”§ holds for such linear regression equally 
well; wo need not suppose normal correlation. Now the reader has 

* Nob of courao very largely, obill with the valuoii given in the first senes of 
fathers and sons, the correlation m ould be reduced about 0 86 to 0'9 of its value by 
the soled ion of fathers 

+ ‘ Phil TransA, vol. 186, p. 406 and plate 16, 

J * Koy. Soo. Proo.,* vol. 60, p. 480, 

§ * Boy. Soo. Proc ,* vol. 62, p. 336. 
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only to look at our regrossion diagrams, in particular at that for 
brethren, to assure himself that no curve will serve for practical pur¬ 
poses substantially better than a straight line. Now, if rr^. })0 the 
standard deviation of the relative whose mean ago at death is taken, 
and 0 * 1 / of the relative of a given age at de^ith, and r be the correlation 
defined by 

where z is the frequency of deviations x -- lUx and y - v}y from the 
means nix and viy in the total observations N, then the line of closest 
fit, the regression line, passes through uix and my, and has /o-*/o-y for 
its slope. All this is inilependent of any theory of frequency distnhu- 
tion, and the vanishing of r with the correlation simply flows from the 
fundamental problem that the chance of a combined event is the 
product of two independent prolwibihtics. Our conclusions in this paper 
are deduced from the above value of i and from the slope of the regres- 
aion line, and they involve no further assumption than the approximate 
linearity of the regression curves. Our appeal to the memoir, On 
the Law of Ancestral Heredity ” makes also no greater demands. 

5. We now turn to the material itself. Our data consist of three 
series, from which all deaths recorded as accidents, an exceedingly small 
proportion of the whole, were excluded. In excluding these wo of 
course slightly, but very slightly, reduced the non-selectiv'o death-rate. 
In the first series, 1000 cases of the ages of fathers and sons at death, 
the latter being over 22*5 years of age, were Uiken from ‘Foster’s 
Peerage*; in the second series a 1000 pairs of fathers and sons, the 
latter dying beyond the age of 20, were taken from ‘ Burke’s Landed 
Gentry*; and in the third senes the ages at death of 1000 purs of 
brothers dying beyond the ago. of 20 were taken from the Peei’age. 

The first senes was obtained by grouping all fathers dying between 
22‘5 and 27 5, 27 5 and 32 5, i^c. We started at 22 5 because this 
was the earliest recorded death of a father among those extracted from 
the Peerage, and to have sons dying in the same range they were also 
started at 22*5 years. In extracting the ages at death, they were 
taken to the nearest whole year, and consequently in the subsequent 
grouping wo were spared decimals. In the second and third series wo 
originally took all deaths from birth onwards also to the nearest 
whole year, and then grouped in five-year periods ; thus fractions were 
introduced when a death fell on a five-year division. Subsequently we 
eliminated the few deaths occurring before 20 years of ago. 

The aggregate material for the three sei ics is given m Tables I, IT, 
and III; and the means of the arrays of fathers* ages at death for sons 
dying at a given age, i,e,, the regression polygons of fathers* on sons’ 
age at death in figs. 1 and 2 ; the regression polygon for brethren is 
given in fig, 3. 

In the case of brothers, we have rendered the original distribution, 
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which was nearly symmetrical, abeolntely symmetrical, by entering 
into the table each pair of brothers twice, an individual first aj^earing 
as a first brother and then as a second brother. Thus the moan age at 
<loath and variability of ago at death of both sets of brothers appears 
the same, and wo have a nominal 2000 instead of a 1000 entries. Of 
course in calonlating the probable errors of the constants, 1000 has 
been taken as the number of oljservations. We shall now consider 
these diagrams and tables a little at length. 


Fio. 1.—Diagram giving Mean Age of Fathers at Death for Sons djing at a given 
age. First Senes, 1,000 eases. 
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6. Fiid Sff'Uis ,—The moans of the arrays of fathers for a given age 
at death of the son, are shown by the broken line ahtdejg in tig. 1. 
The point a for the group of sons dying between 17*5 ami 22*6 years 
was put in from a few observations not afterwards included in the 
table. Beyond the group 82'5 to 87 5 years, theie were not sutticient 
fihservations to form a reliable moan .it all gives the nie.iii ago of 
all the 1000 fathers observed, and represents 66*835 yo.irs, .»* gives 
the mean age of the 1000 sons, and repieseiits 58 775 yeais The 
former may be taken as the mean age .it death of all fathers, tiie 
latter was only the mean .ige at the de.ith of sons uho live more than 
22 5 years The I'ogression curve is a somcwh.it broken [lolygon, but 
one or two points may bo deduced at once from it 

(a) It IS entirely to the left of //// above // and cntiiely to the light 
of ////below 9./, Thus there is certiiinly correlation between the ages 
at tleath of father and son A hom dying l»clo\v the moan .age will 
have on the average a father dying Ijclow the ine.in age, and .i son 
dying above the mean age will have on the avei .age a father dying 
above the mean age (Iraphiciilly we see that correlation must exist. 
The straight line which best fits the regression polygon is given on the 
tliagram by hi. The L.aw of Ancestral Heredity wouhl give ha with a 
slope of 0 .3 Tt IS c]e.ar that with .i (juite sensible rogiession thcio is 
a quite sensible divergence fioiii the law of inheiit.'ime, in other w*ords, 
the death-rate is only in part selective 

Quito similar results are to be observed in fig J , there is .again a 
very sensible correlation, but it is sensibly less than that reqinied by 
the Law of Ancestnil Heredity The lines are lettered the same 
Numerically, if .Ms, Mr l>e the mean ages at death of sons and fathers, 
frs, thcir standard deviations, )sh their correlation, R^f ^ 'si' trs/SF, 
K^s = tHh frjp/frs the regression coefficients of son cm father and father 
on son, we have— 


Kijst 


Smm'oikI Seric'* 

‘Peerage,* FntJierB and houm, 25 \o\wh 

* Landed Gentry,’ Fatlier-j a Fid hofim, 

ivnd on 


20 3 ears and on 

05 835 voars 

Mh 

06 yO‘25 ve.M'' 

68 776 „ 

Ms 

60 *9150' „ # 

14 H382 „ 

ftp 

14 4308 „ 

17 •0H72 „ 

<rn 

17 0986 „ 

0 1149±0*0310 

rn 

0 1418±0 0209 

0 0086:1:0 0182 

Hfs 

o*n9ri±o 0178 

0*1341 ±0*0367 

Rsk 

o*i682±o*o;m 


Now these results extracted from very different records are in good 
accordance. The values of the correlation and regressions are 6 to 7 
VOL. IJCV. Z 
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times the niaguitudos of their probable errors, and they agree within the 
probable error of their cbfforeiices. The only signiheaut diiferonce 
is the meiiii age of deaths of sons iii the Landed Gksntry, which is some 
two yo^its highoi than in the Peerage. This is the more noteworthy 
in that we have begun our peerage record at 25 and not 20. Clearly 
the sons of the Landed Gentry are longer lived We have unduubtedlv 
correlation, miv somewhere about 0 12, sensible and definite in 
amount, Imt clearly considcraljly below the 0 3 required by the \i\w of 
inhcntaiK e 

(h) A Rocoiul point may be iiotued !>} looking at the diagiams (1) 
and (2), namely, that from about the age of 32 5 to 52 5 the regics- 
sion line i^ seiisihly vcM’lieal, or when the son <lias in middle life, the 
moan age of death of the fathei is sensibly unioirelated with it In 
othei winds, wo have the lomaikable rosnlt tliat the mortality whuh 
in a papoi on skew variation by one of u«,* htis Iieen teime<l that of 
middle life is largely uinnhented. It is dunng this period of life that 
the iion-selcetive doath-rato la chiefly pi odomiiiaiit. After this pen4)d 
the regression curve Ikjcomes sensibly steo]>cr, although not fully up 
to the steepness of the hue given by Galton^s Law. This is more 
projKjrly the inheriUnce of hniffmftf The iiihentance of duration of 
life may not be continuous 

If we seek the Ijcat fitting stiaight lino toi the regrosaiou polygon 
fi om 50 years onward wo find — 


first Hone** 


Setond S( rics 


‘ Peerttgo,’ 68 *5 years uf son ami on 


‘•Laiulfd Oentpy,’ oO yeftr** of son 
and on 



6fi 680 M’ai** j 

1 Ml ; 

06 878 \car^ 

1 

60 686 ‘ 

Ms I 

68-960 

1 

14 6734 „ 

ffi 

14 3273 „ 


9 6148 „ 

1 

10 4065 

1 

0 ]156±0 0832 

t rn 

01126±0 0243 

i 

0* 1764±0 0380 

His i 

0 1549^0 a 333 


iicaults such as these are us close as we could expect, and they mark 
an mcreaso in the steepness of the regrcHsion line fiom a1>out 0*11 to 
0*17, an undoubtedly substantial increase of the selective death-rate as 
we approach old age. The regression lino for this old age mortality 
is marked as jL in diagrams (1) and (2), and we see the advance 
towards the Galtonian value 

(r) Below 32 5 yearn the regression line in figs. 1 and 2, especially 
the former, neeins to indicate increased correlation again, but unfortu- 

• * Pliil. Traiu / A, vol ISO, p 408, mid PUle XVI 
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nutely our records do not give enough data to determine its form in a 
reliable manner 

Fig 1 seems to indicate a gi’cat approach to the Gal toman value 
towards youth, and wo should not Ik* surprised to find the selective 
(loath-rato in youth and infancy oven moie predominant than in old age 
This would 1k) the inheritance of the reverse of longevity, of “ Inaf'liy- 
bioty ” The regression curve for this portion of life cannot bo detoi- 
miiiotl from our present stjitmtics, but w'o hope to return to it in a second 
study when tnoie d«ita have been collected * So far as we aio able to 
judge at piesent the inhentancc* of the duration of life breaks up into 
tw^o parts, an iiiheritaiue tolling Us tale in youth and another aftm 
middle life It is the foimei |>artwhnh seems to us to have moat 
lieating on the fertility and surviv.il of stocks, most individuals having 
repioilucod themselves by 50 years of age It is the latter part only, 
the true inherit«ince ol longevity, to whuh it would appear that 
Woismami and AVallaco's arguments apply -1 

“For It 18 evident than w'heii one or more individuals have pio- 
vided a sufficient number of successors, they themselves, as consumers 
of nourishment in a constantly iiureasmg degree, are an iiijuiy to 
those successors. Natural selection therefore weeds them out, and in 
many cases favour a such races .is ifio almost immediately after they 
have left successors ” 

7 We now turn to the third senes, giving the coi relation between 
the ages of death of biothers The data give the following numerical 
results — 

M(i ^ 60 971 yeais 
ern - 16 8354 „ 

/U15 - 0-2602 ±0 0199 
Hbu - 0 2602 ±0 0216 

The results hero are in good agreement witli those foi soiis ni the 
Landed Gentry, ? c., in the second senes. The moan age of one of 
a pair of brothers is slightly greatoi and the variability of one who has 
a brother slightly less than in the case of sons But this is exactly what 
Ave might expect, considering that “brotheis” are a selection from 
“sons,” and a brother is likely to have greater vitality than a son Tlio 
group sons covers sons of fathers who did not live to have more than onf' 
son, and who therefore came of any early dying stock, while bi others 
denotes at least two sons, and thei-efore on the average some years 
more life than is necessary for one son. 

The values of‘the coefficients of correlation an<l regression are some 
13 times their probable errors, and we have a substantial correlation, 

* Thii oolleotion han already eoiniueuued, and we bope ;»liurtly to fiire mortt 
definite information on thiH {Xiiut 

t Wallaee, iov tivpra 
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Fig 2 —Dmgnini foving Mean Ago of Fathers at Death tor Sons dying at a given Age. 
Seeond Series, 1000 cases 



approaching much cioaor than in the taae of hoiis to the value 
demanded (0 4) hy the Law of Ancestral Heredity. The diagram shows 
(i) how aulistantial is the correlation; (li) how much more nearly the 
regression lino kh given by observation approaches the theoretical line 
Im; and (iii) how very nearly the regression curve is truly linear. 
The reason of this closer approach to the theoretical value of heredity 
is owing to the diminution in the non-selective death-rate, the environ 
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meiit of brothers during their lives being hs ii rule much moio ulike 
than that of father and son It must be noted that the predominance 
of the non-selective death-rate in mhldle life, so marked in the lattei 
case, no longer appears iii the case of brothers This would suggest 
that the environments of father and son <liffer moat in middle life and 
are then much more unlike than those of brothers 

y Wo conclude this first study by putting on record formulue foi 
estimating the age at death of a man, using the theory of multiple 
(oiTolation as developed in a memoii* by one of the present writers, 
and taking as basis the second an<l thii'd seriea, uhich seem to us to 
present the l»cst lesidts 

Lot P Ih) the prolrable age in years at death of a man, F Ire the age 
at death of his father, S| of his hist son, Sj of his second son, Bi of his 
first brothci, Bj of his second brother Then we have the following 
casus — 

Pmli(‘tK>n of Age .it Death All Deaths attei 20 Years 

(rr) From age of father at death— 

P - 49 8201 +0 1682 F, - 16*9259 

(6) From ago of biothei at iletilh— 

r - 45 106a-f-0*2602 B,, 1 - 16 2555 

(/*) From age of son at death— 

F - 58 6771-hO 1196 S„ ^ - 14 2850 

(//) From .ages of father and brothei at death— 

P - ;17 6647 +0*12685 F + 0 24502 B,, - 16 4099 

(r) From ages ot t«ithei and son at death— • 

P - 48 7991 +0*15706 F + 0 11168 S, ^ - 14 1573 
(/) From ages of two In others at deatli— 

P - 35 7930 + 0 206475 (H^ + B.), ^ - 15 9052. 

(r/) From ages of two sons at death -- 

P - 54*3928 + 0 09497 (Si+S,), 1 - 14*1987. 

(h) From ages of brother and son at ileath— 

P - 44*2601 +0*1046 S+ 0 2514 B, ^ - 138508. 

Here - is the standard deviation of the array of men for each gioup 
Such forniulait seem to us to give a quantitative accuracy to much 

* Contributionti to the Mathematical Theory of Kvolution. III. RogresBioii, 
Heredit;^, and Fanuiixin,” ‘ Phil Traus.,* A, vol 187, pp. i!63—ai8 
t In obtaiiuiig the tormulio for prediction from the age at death of /ico relative'*, 
eertain awnmptions liave had to be mode Tliiu the correlation of ages of a man 
and hiB grandfather and of a man and hia uncle at death, being at present unknown, 
were taken to bo half the correlation of father and w»n. Thw cannot be far w rong, 
but the actual valuew ought to be found. Wc did not feel 3 UBtified in aesuming the 
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Fio. .1—Diagrain giving the Moan Age of Man at Death for a Brother dying at a 
given Ago. 1000 oases. 



«A035606A70 75 806530 35 m 105 

Mcm Age of FirsC Brother, 


that is allowed rather indefinite weight at present in the actuarial and 
moilicHl professions. Based on u wider mass of data and a larger senes 
of relationships we cannot but believe they would be of much help to 


variability ot grandfather*, winch niual be low than that of fatherSi or tbeir moan 
age at deatli, which mnit be greater than that of fathers, in order to determine the 
probable age at death of a man from that, say, of his grandfather and father, which 
would bo of much interest. Wo only wish to draw attention to what we beUeve to 
be a noa and unportant field of enquii^, and to indicate' the nature of its problems. 




















































Ill —Correlation Table for the Inheritance of Longevity in Brethren 
Smmetrical Table, 1000 Caaes as 2000 
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“ Colliiiuitni Magnets and the Determination of the Earth’s Hori- 
zonUl Magnetic Foire.” By 0. <hlUEE, ScD., LL.1)., 
Su})erinUMident of the Kew ObscrvaUny. ('oinmnnicated by 
the Ky.w Dbskevatohy Committee of tlie Royal Society. 
Received May M,—Read dnne 15. 1890. 

(Abstract) 

Diirnig the last foity y&us, there have been exciminwl at Kew 
Olisorvatory upwards of 100 collimatoi magnets used in olMserving the 
hoiizontJil force and declination 

The “ constants ” of these magnets tein|)craturc and induction 
coefficients, and moment of inertia--have been determined at the 
Olmervatory, and the tiiblea based on these deteiminations have 
served to reduce magnetic observations at .i huge numliei ot the 
leiuling magnetic oljservatones. 

The present |)apor deals with the ilaUi recouled in the Obsoivatory 
books for the constants spocifietl above, and with other quantities— 
such as the “ permanent ” magnetK* moment—which are doducible from 
the records It cleternnnes the mean vahios of the several quantities 
for the instruments of tlic leading English makers, and investigates 
whether relations do or do not exist between them. It then ileduces 
from the lecords the proloible errors in the values of the several 
quantities, proceeibng on the hypothesis that the methods of deter¬ 
mining them arc coii'ect It next examines, from a mathematical 
standpoint, the accuracy of the forinulKe employeil m reducing hori¬ 
zontal force observations, and, from a physical standpoint, the possibility 
of differences between the quantities detei mmtMl at the Olisoi vatory 
jin<l the quantities actually (M>ncortiod in hoiizontal force observations. 

The various soinces of unceitainty are dealt with, and an attempt 
IS mivde to Jiscortain to what extent they may affect the values found 
for the horizontal force 

The results of the paper are of too technical a character to admit 
of then being sum man zed l)riefly in an intolligililc w^ay. 

“Tim Tbemuil Ex(mnHioTi of Puie Nickel and C*d>all” By A. E. 
TimoN. R Sc. roiiniiuiiicaUHl by IVof. Tildkn, D.Sc., K.RS. 
Riicmived Apnl 18,—Read May 5, 1899. 

The following are the numerical experimental data of the eighteen 
individual determinations of the coefficients of expansion of pure nickel 
untl cobalt, referred to ui the alistract previously publish^ (p. 161, 
su/nu). Full explanations of the signs employed in the tables will be 
found in the memoir “On the Thermal Expansion of certain Sul¬ 
pha tes.”* 

* ‘ Phil Xnins A, vol. 192, p 4*66. 
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Calculated Expansions. 



Diminution of thu k iichm 

Kxptin»ion of tnpotl 1 

Kxpaiuion of nickel 


ut uM'-lfiyi'r 


block. 


f^\2 

■' r.A/-' 

For — /[• 

1 

For /, — /i 

L/, - U^, 



ro 0020033 

I 

1 0*0045639 

0*0040086 

1 

0*0095318 

0 U0G7019 

0-0140087 


21064 

; 458G9 

4G240 

96572 

07304 

141441 


21103 

i 45213 

46433 

94602 1 

67696 

180816 


f 286el 

40248 

61185 

101953 

74776 

161901 


23023 

, 40707 

52006 

103356 

76629 

163062 


[ 23328 

18086 

60927 

101993 

74265 

160979 


r 18210 

37803 

38958 

76927 

67168 

114790 

4 

17750 

37338 

38229 

76231 

55979 

1135(>9 


L 17521 

3e0'15 

1 37869 

75638 

55390 1 

112583 


Calculated Linear Coefftcients of Expansion 


« 


l4 1 

a 

6. 


ro-00019154 

0 00f>000072 7 

9*7986 1 

0 00001240 

0-0000000074 

- 

121 74 

72 6 

9*7986 1 

1242 

74 


121 91 

697 

9 7986 

12 44 

71 

■ 

f 129 46 

72 8 

10*2679 

12 61 

71 

1 

128 37 

79 9 

10-2679 ' 

12 50 

78 

■ 

129 26 

72 6 

10-2678 

12 59 

! 71 


097 74 

69 9 

7 8327 i 

12 48 

76 

4 

097 66 

606 

7-8328 { 

12 46 

77 


L 097 43 

612 

7 8328 I 

12 44 

1 

Mean laluef* .. . jl 

0*000012 48 

! 0-0000000074 

1 


The nuMii coetticient of linear expansion, a + ///, of pure nickel, 
between 0" and / , is thus found to be 

0 000 012 48 + 0 000 000 007 4/, or 10 (1248 + 0*74/) 

The true Loctticient, a, oi linear expansion at /', or the mean coeffi¬ 
cient between any two temperatures whose moan is /, is a — // + 2/»/, 
that IS 


0*000 012 48 + 0 000 000 014 8/, oi 10-«(1248 + 1*48/). 

The order ot agreement of the nine individual determinations 
must be regarded as highly satisfactory, and those for each series of 
three referring to the same direction particularly so. The slight 
difierences m the value of a for the three directions, possibly due to 
slight internal strain, fully justify the author in having carried out 




Thermal Expansion of Cobalt. 


The Thermal .Expansion of Pwre Nichd and Cobalt 
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Mr. A. E. 


determinations for all the three rlirectiotiH; the mean, however, can be 
regarded with the fullest confidence as expressing the true coefficient 
at 0°. The agreement of the values for the constant h is really 
remarkable, considering the extreme smallness of the constant, and is 
to 1)6 attributed to the perfection of the jiolished surfaces of the nickel 
block, the mean undoubtedly expresses the true semi-increment per 
degree of tem|)erature. 


Calculated E\p.ansinim 


Diminuliuii of tliuknoM^ 

KipaiiHiou of I ri(KKl 

Kxixmsion of cobnlt 

of air-lttycr 

SCI eu B 

I bloik 


/'.X'2 

Foi* — /i. 

For /, — /i 

' bf, — Lf, 

i«. -1/. 


fO 0020(i0(J 1 

o*oor>r>i.i« 

0 0CKK>802 

0*0126913 

0 0086492 

0 0182061 


26904 

56352 

65423 

126876 

92327 

182228 


25669 i 

55022 

63120 

126710 

88670 

1817.32 


2283(1 

18789 

* 56324 

112972 

79160 

161761 


24804 , 

50500 

58160 

1142G9 

82954 

164829 


262trf , 

52431 

00980 

118066 

87196 

17049C 


18833 

37103 

43540 

I 84246 

02373 

121640 

<1 

18472 

3674H 

44799 1 

1 86203 

< 63271 

122951 


18609 I 

30781 

4-10.3.3 1 

1 85906 

63322 

122686 


Calculated Linear Coefficients of Expansion 
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1^0 

a 

h 

1 

r 0*000156 93 

0-000 000 092.3 

12-9710 

0-000012 10 

0 0000000071 

1 

155 10 

98 9 

12 9743 

11 95 

76 


153 79 

1061 

12 9742 

1185 

82 

1 

f 137 52 

88 6 

11 !>87G 

1187 

76 

1 

141 21 

691 

11 -6878 

1219 1 

60 

1 

U189 

65 U 

11 *6882 

12 24 

66 

■ 

r 106 65 

45 3 

H -5981 

12 29 

63 

■ 

10.3 95 

48 3 

8 5983 

12 09 1 

66 

1 

L 104 77 

42 9 

8*5983 

1218 1 

60 



Meoii >aluo« 

.. 

0-00001208 1 

0*0000000064 


The mean coefficient of Iiuoh! exjmnsion, //+•/< of pure colialt, 
betM'een p’’ and /is thus found to be 

O Q00 013 0rt + 0*000 000 006 4/, or lO'«(1208+ 0’640. 

The true coefficient a of linear expansion at T, or thq mean coefficient 
between two temperatures whose mean is is a ^ a + 2^, that is 

0-00*1 012 08 + 0 000 000 012 8/, 10-'*(1208+1*280. 
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The agreement of the individual values is not quite so good as in the 
case of nickel, owing to the impossibility of obtaining such absolute 
perfection of the surfaces of the eolialt block as was obtained in the 
case of the nickel block. In the (use of the constant a the ditforonces 
only amount to 3 per cent, and the whole amount of h is so minute that 
one is foi*tunale in finding the agreement so good. These diffei cnees, 
however, from the nature of then cause, are ])ound to be on both sides 
of the truth, and the mean of so laigo a number as nine is sure to be 
very near the tuio value 

It will now be interesting to coinpiire those results with those of 
f'lzoau The lattoi were published in very bnof form in the ‘ Comptes 
Reiidua,’for i860* and also in ‘ Poggendorft'^s Annalcii,* foi the same 
year.t In neither of these publications are any further details given 
beyond the values of the coefficient of expansion foi 40” and the incre¬ 
ment per degree, (— 2//), which occur in a table of siimlai 

qUiintitles for various inetalb, together with the information that the 
spccinions of nickel arnlcolialt employed had lieen 1 ‘oducod by hydrogen 
and compressed, and that the range of temperature of the observations 
was from 10 to 80 The values in question aro-- 

a to’ 

Nickel . . 0 000 012 79 0'7l 

Cobalt ... 0 000 012 36 0*80 

It will be observed that the values of the coefficient for 40" now 
presented aie higher than those of Fizeau , in the case of nickel the 
diftbronce is 1307 - 1279 -« 0028, and in the case of colwlt 1259- 1236 
= 0023 The author's increments are likewise higher, 148 and 128 
against 71 and 80 respectively The fact that the authoi s increment 
for nickel is twice as great as Fizeau's might suggest the possibility of 
a mistake liotween A and 2A The author has certainly not made any 
such mistake, for* the mode of calculation employed yiohls h directly, 
and the values aftoitlod wore 74 and 64 respectively. The increment 
(Fizoau’s B being the authoi’s i) is equally certainly %b. More¬ 
over, the authoi s value of the increment foi aluminium, 2*12, calcu¬ 
lated in precisely the same iiiaiiner, agrees fairly with the value given 
hy Fizeau, 2*29, in the same table in which the values for nickel and 
cobalt are published. It may l>e that Fizeau inadvertently gave the 
value of h instead of 2b in the particular cases of nickel and cobalt, but 
it is much more likely that the numbers are correctly given, and that his 
results were not very concordant with those now given. For Fizeau could 
certainly not have possessed specimens of nickel and cobalt of the same 
degree of piiiity as those suppbed to the author by Professor Tildeii. The 
recent discovery of nickel carbonyl has affiorde<l an incomparable moans 

* Vol. 68,p 112r>. 
t Vol 138, p. 3tV 



312 Messrs. R T. Gunther and J. J. Manley.- 

of separating the two moUils, aticl also uf isolating nickel from other 
metallic impurities. Further, the discrepfincy liotweon the^ increment 
values of the author and of Fizcau for these metals is only df the same 
ordoi* as that between the concordant >alueh of the author and of 
Benoit, 0*46, on the one hand, and of F^izeau, 0*76, on the other, for 
the 10 ^jer cent, alloy ot platinum-mdinm, the value for which Fizoau 
gives ill the same table referred to 

Taking, therefore, the values published hy Fizoau foi the increments 
of nickel and cobalt as correctly representing the results of his experi¬ 
ments, his values of the coefficients at 0 , the conatiints ft, calculate*! by 
use of the increment, are .ts under 


Nickel 

Cobalt 


/r = 0 000 012 51 
- 0 000 012 04 


^ Percentage 


<lifference 3 8. 


At 100' the coefficients would become 

Nickel // - 0*000 013 22 

Cobalt ., - 0*000 012 84 


^ PeicentJige dittercnce 2*9 


The values thus civlculate*! tor the cvpausiun at 0" fiom Fizetui’s 
data are almost identical with the authors values But the consider¬ 
able difference between the values and the order of the increments now 
given and those of Fizcau introduces a <lifferent cider of progression 
with rise of temperature According to Fize^vu the *liflerenee lx;tween 
the coefficieiitb of the two metiils is a <iiminishing one, the percentage 
*liftereuce having fallen from 3 8 at O'* to 2*9 at 100’, whereas the 
author’s determinations indicate that the difference is an accelerating 
one, rising from 3 2 per cent at 0^ to 4 .3 at 100" 


“ On the Walei*s »>t‘ the Salt Lake *d Uiiiu.” By 1{ Gunther, 
M A,, and .1. -). Manley, J)aulieny Curator, Magdalen College 
Coiiiiuuuicated by Sir .FoiiN Mitkijay^ K.K S. Jleceived .lime 
8,—Kcad .Iniie ir», 1899, 

In June, 1897, a poition ut the Government Ciraiit was allotted to 
tmo of the authors by the Committee of the Koyal Society, for the 
investigation of the fauna and ffora of the groat salt lake of Urmi, in 
Persia, iis well as of the relations of that fauna and ffora to its environ¬ 
ment. The present research was undertaken with the view uf placing 
on record some of the conditions prevailing in the lake at the present 
tlay. 

The extraordinary changes which the level of the winters of the lake 
has undergone, and is still undergoing, enhance the importance of 
periodical ei;xaminations of the nature of the waters. The advisability 
of the preservation of such records was urged upon the Koyal Society 
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by its S^retary, 184 yeare ago. Edmund Halley, in hie “Short 
Account of the Caueo of the Saltneas of the Ocean, and of the eeveral 
Lakes that omit no Rivors,” expressed himself as follows *—“ I recom¬ 
mend it therefore to the Socieftf^ as opportunity shall offer, to procure 
the Experiments to be made of the present degree of Saltncss of the 
Ocean, and of as many of these Lakes as can be come at, that they may 
stand upon Record for the benefit of future Ages.”* At the present 
day there are additional reasons for recording the properties and com¬ 
position of such salt lakes as are know n to be inhabited by life, because 
Schmankowitscht and many otheis of the modem school of EtUvyUkeU 
ungmiicJuinilc (Morgan, Loob, Vernon, (fee ) have proved that every 
change in the salinity of the waters ib accompiinied by definite, rapid, 
and corresponding changes in the anatonucal structure of certain of 
their halophilous fauna, and especially of the species of one 

of which occurs in Lake LTrmi.J 

The superficial area coverctl by liako Urmi is aliout 1750 square 
miles, or about four times that of the Dorid Sea. For so largo an expanse 
of water its depth is inconsiderable, the greatest soundings do not 
exceed 40 feet, and since much of the lake is extremely shallow, its 
average depth is prol«d)ly under 20 feet. When viewed from the 
commanding heights of one of its islands, its waters show that brilliant 
deep blue colour which is so charactciistic of salt lakes, but as seen 
from a boat, the light which is reflected from the light grey mud at the 
bottom is green. 

The temperature of so small a volume of water, which is at the same 
time so extended as Lake Urmi, must necobsanly vary considerably with 
the seasonal changes of temperature. During the months of July and 
August the temperature of the surface waters varied from 27 8“ C. to 
25*8“ C., and the temporatuie of the bottom water at a depth of about 
26 feet was 25“ C. The specific gravity of the water, as measured on 
the spot by an ordinary hydrometer, was 1*11, whether the water was 
drawn from near the bottom or from the surface of the lake, it may 
therefore be assumed that the waters of the lake remote from the 
mouths of the fresh water tributaries were of a fairly uniform density, 
a result which was prolmbly due to the thorough mixing of the waters 
produced by the strong south-easterly breezes prevalent at the time. 

The total quantity of water available for the more detailed examina¬ 
tion was brought homo in two glass wine bottles, holding about J litre 
a-piece. The samples A and B were collected on September 16, 1898, 
near the base of the Bezau Daghi, on the western shore of the lake, 
whore there is comparatively deep and clear water close in shore. The 
bottles were carefully corked, and it is, I think, fair to assume that no 

* ‘ Phil. vol. 29, p. 299, 1716. 

t * Zeitiohrift Wibb. Zoologie/ toI. 26,1876. 

X CHlnther,' Nsture,’ toI. 68, p. 486. 
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great changes have occurred in the interval between the bottling of the 
samples in Persia and their examination in Magdalen College Labo¬ 
ratory, in Oxford, seeing that the discrepancies between the analyses 
are very small. 

The examination was both physical and chemical. 

Physical Examination. 

Determimiim of Specific Oraviiy. 

The specific gravities of the two samples of water (A and B) were 
determined by Mr. II. N. Dickson, according to the method of Sprcngel, 
with the following mean results — 



A 

B. 

Specific gravity, at 15* C. 

1*11338 

1*11389 

„ n 0*3° C. 

M1891 

1*11945 

Difference.. 

. 0*00563 

0 00566 

Defei'mimtion of Pefracttve Index. 



The refractive indices (/a) were determined })y means of a hollow 
quartz prism of 60° 6' refracting angle, and a largo spectrometer* 
reading to 2" of arc. The water was at a temperature of 12*2'* C. 
during the readings. 

A B. 

Angle of minimum deviation of D line 25° 50' 4" 25° 60' 36", 

whence ft = 1*36110 1*36122 

It is believed that similar optical measurements will be found to be 
applicable to ordinary sea waters and will be found to give a more 
accurate and a more readily obtained indication of the physical nature 
of the water than the ordinary specific gravity methods. 

Determimtion of Bmling Point 

It has long been customary to record the boiling points of strongly 
saline natural waters, but in only too many cases, owing to the lack of 
description of the conditions of the experiment, the records have only 
a small value. Many trials have convinced us that the boiling points 
of brines properly determined imder similar conditions yield as reliable, 
although loss minute, information concerning the degree of salinity 
as specific gravity determinations. 

The) salt water was boiled in a platinum bottle, to which an inverted 
condenl^ containing ice-cold water was attached, in order to prevent 

* The ^peotromoter, which wm oonitructod for Dr. Bedson, and the prism em- 
plejed are the property of the Boyal Society. 
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lofls of water vapour and consequent concentration. The temperature 
was measured by a form of platinum resistance thermometer, which 
reads to 0*01* C. Throe readings wore always taken. Firstly, the 
temperature of the steam from ordinary boiling water in a steam jacket 
and under atmospheric prossuro, secondly, the temperature of the 
boiling salt water; and finally, the temperature of steam once more. 
If the first and last readings were identical, it was considered that the 
conditions of the experiment had remained constant. As a matter of 
practice it was found that when once the boiling point of the salt 
water had boon reached, the water continued to boil at that tempera¬ 
ture for any length of time, so long as the pressure remained constant. 

A. B. 

Boiling point under normal prossuro . . 103 84* C. 103*88* C. 


It will thus bo seen that the three results of the physical examina¬ 
tion of the two samples A and B are all mutually confirmatory, in so 
far that they indicate that sample B harl become a little more concen¬ 
trated than A during its journey from Persia to Oxford. 

Chemical Examination. 

The method adopted w^is that of Dittmar, as descnlied in the 
Report on’the Composition of Ocean Water.* 

For the estimation of the lime anti magnesia, 20 c.c. of the water, 
weighing opproximately 22*2 grams, were measured off, and the quan¬ 
tities used in the determination of the potash and total salts were half 
that amount. 

Emvninoiion of the. Corrtcinm of Thitiivan^s Factor 0*91 for “ CnuU ” 

Limp. 

Forty c.c. of the water were measured off and weighed. In accord¬ 
ance with Dittmar’s recommendation, the calcium was precipitated as 
oxalate, filtered, washed, and finally weighed as oxide. The “ crude ” 
oxide obtained amounted to 0*0319 gram : this was then redissolved 
and again precipitated and weighed as “ pure ” oxide; the weight was 
found to be 0*0284 gram. If wo multiply the weight of crude lime, 
0*0319;*gram, by Dittmar’s factor 0*91, we obtain 0*0290 gram as the 
weight of “ pure ” lime. This amount only differs from that actually 
found (by -i- 0*0006 gram, thus affording confirmatory evidence of the 
eorreotness of the factor. 

The quantities of pure lime given below were determined by repre- 
eipitatiom and repurifioation. The magnesia was precipitated by 
• ' Challenger Beperti,* “Phyeioi and Ohemietry," Tol. 1. 

2 A 2 
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sodium phosphate instead of by ammonium phosphate as Dittmar 
recommends, because when the latter reagent was used the magnesia was 
found to come down very slowly and to adhere inconveniently to the 
sides of the vessel. 

The soda was determined by the method in which all the liases are 
converted into normal sulphates, and the weight of the mixed sul¬ 
phates is dimuiished by the subtraction of the weights of the potas¬ 
sium, calcium, and magnesium sulphates. The potash was determined 
by precipitation from the mixed sulphates by chloride of platinum, 
according to Dittmar’s third and final method,* and his observations 
upon the appreciable solubility of the finely divided platinum by the 
cold dilute hydrochloric acid employed for washing were confirmed. 

From the known amounts of hmc, magnesia, and potash (see below) 
were deduced the following weights of normal sulphates in ^100 grams 
of the mixed sulphates:— 


Potassium sulphate 

A 

Gram** 

0 258 

B 

Grams 

0*259 

Celle mm sulphate 

0*146 

0*171 

Magnesium sulphate 

1*870 

1*871 

Sodium sulphate (by difforcnco) . 

15*317 

15*606 

Total sulphates 

17*821 

17*907 


The quantities of the principal saline components dissolved in 100 
grams of the water of Lake Urmi axe— 



A 

B. 

Lime (CaO) 

0-0603 

0 0706 

Magnesia (MgO) 

0-62C5 

0*6266 

Potash (K 2 O). 

01394 

0-1402 

Soda (NaiO) 

6-788 

6*814 

Chlorine (Cl). 

8-496 

8*636 

Sulphates (SO 3 ) 

0-6205 

. 0 6312 

Oxygen equivalents of the chlor¬ 

16-7307 

16*8186 

ine to bo deducted 

1-9167 

1*9258 

Total salts in 100 grams of water 

14-814 

14*893 


\ 


* * ChaUetkger Haporit,* loc, cif., p. 16. 
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Or, recalculated for 100 parts by weight of total salts, we have— 


A. 

n. 

Chlorine (Cl). 

57 351 

57-315 

Sulphates (SOs). . 

4*189 

4 238 

Lime (CaO) . 

0 407 

0 474 

Magnesia (MgO) 

4*229 

4 207 

Potash (K,0) 

0*941 

0-941 

Soda (Nii^O) . . 

15 822 

45-753 

Deduct [0] per [Clo] 

12*939 

12-931 


100 000 

99-997 

The hypothetical pioximate composition of 100 pnits of the total 

salts was (^Iculated, with the following results : — 



A 

B 


t - 



1 

11 . 

Sotlium chloride 

86*332 86*203 

86*203 

Magnesium chloride. 

6 661 6*816 

6*816 

„ sulphate 

4*211 4*150 

3 915 

Calcium sulphate . 

0 988 1 151 

1*151 

Potassium sulphate 

1*741 1*741 

1*741 


99*933 100 061 

99 826 


Besult B 1 was obtained by CiilcuLiting the magnesium sulphate 
from the residual sulphate (SO 3 ). Result B ii from the residual mag¬ 
nesium. 

It is a remarkable fact that notwithstanding the occurrence of lime¬ 
stone rocks and pebble beaches ui the Like, no combined carbonic acid 
oonld be detected in the water ; indeed, there would be no base for it 
to combine with. On the other hand, small quantities of free carbon 
dioxide were present dissolved in the water, and were estimated by 
Tornbe’s method.* 

A. B. 

Free carbon dioxide in solution 0 028 per cent. 0*017 per cent. 

Besult A was the mean of two determinations which agreed to 
within 0*002 per cent., and result B was obtained twice by the use of 
different standard solutions; the results were identical. 

* Before applying Tornfla's method for the eBtiznation of carbon dioiide to the 
■amplee of water A and B, two determinations of oombined carbon dioxide in a 
dilute and itandard eolution of sodium carbonate were carried out, in order to 
ascertain the degree of accuracy one might hope for. In the first, the carbon dioxide 
found only exceeded that known to be present by O'OOOS gram, and in the scoond 
by 0*0001 gram. 
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No iodiiio or bromine could be detected in the small quantity of 
water available for examination. 

Spectroscopic examination revealed the presence of a trace of 
barium. The quantity present would have been quite unweighable, 
and although estimated with the calcium could not have vitiated the 
results. 

The results given under the heading B are regarded as those which 
most nearly represent the true condition of the lake, and consequently 
no attempt has been made to strike an average between the two series 
of results. The A results are given in extonso in order to demonstrate 
the degree of reliability of the B results, a matter which will be of 
importance in the future, when, after an interv^al of some years, 
another investigation of the water of Lake Urmi is made. 


“On the Application of Fouriet's Double Integrals to Optical 
Problems.” By Charles Godfrey, BA, Scholar of Trinity 
College, Isaac Newton Student m the University of Cam¬ 
bridge Communicated by Piofessor J J. Thomson, F.R.S. 
Received June 12,—Read June lb, 1899. 

(Alistract.) 

The propagation of piano plano>polariscd light in the direction of z 
is governed by the equation where V is the velocity 

of light. 

The most simple solution of this equation is— 

<#> = + . . .. ( 1 ). 

This may be interpreted as a train of waves of amplitude R, period 
27 r/?^, and phase travelling with velocity V. This train of waves is 
without beginning or end. Most of the results of physical optics have 
direct application to a disturbance of the above form. 

No radiation is found in nature which has the properties of the 
above function. The fact alone that all natural radiations have 
beginning and end would suffice to render (1) an inadequate repre¬ 
sentation. 

It is required to solve the problem how to represent any natural 
radiation faithfully without losing the conveniences connected with 
the form (1). The problem recalls the familiar process of harmonic 
analysis. This procesa is applicable only to periodic functions, 
whereas such a motion of the lether as constitutes white light is 
non-periodic. In this connection it has been pointed out by Gouy 
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that Fourier’s theorem of double integrals enables us to express a 
wide class of functions in terms of circular functions. In fact, sub¬ 
ject to certain limitations, 

/(O = [ (Cco8tt/+S8in»/)rfH, 

Jo 

1 (jfw cl 

where C = - r f{v) cos uv dv, S - f{v) sin uv dv. 

It is proved in the course of the present paper that this process is 
always legitimate when f{t) is such a function of tune us cun occur in 
a physical problem. 

The above theorem reduces /(/) to the limit of u sum of simple 
circular function of time, the element being du{C cos vt + S sin uf). If 
wo write this du cos (ut + i/^), a simple vibration of amplitude Edw, 
period 2ir/M and phase ^ is suggested. To connect this analysis with 
the physical analysis of light into a continuous spectrum is tempting. 
The present essay is an attempt to prove that, in certain very general 
oases, such a connection exists The proof depends upon the two 
principles (i) that we can have no cognisance of instants of time, but 
can observe only the contents of small intervals of time; (ii) that, 
in spectrum analysis, wo do not deal with definite wave-lengths, but 
rather with small ranges of wave-length. 

The fruitfulness of this calculus is illustrated by several applications. 
The radiation of an incandescent gas is discussed. The trains of waves 
emitted by molecules are continually being terminated by collisions. 
It is hold that, in dealing with the limiting widths of spectrum lines, 
this effect must be included m the same investigation with the Doppler 
effect first pointed out by Lippich and Lord Rayleigh, 

Other problems shown to be within the grasp of this method are: 
the connection between Kontgen rays as explained by Professor 
Thomson, and ordinary light; and the effect of radiative damping of 
the molecular vibrations in widening the lines of the spectrum. All 
these investigations are based upon a theorem for dealing with a radia¬ 
tion composed of a vast aggregate of similar pulses distributed at 
random. The theorem is due to Lord Rayleigh. 

It is usual to examine the theory of dispersion by considering the 
action of a simple periodic force upon a simple vibrator. Since no 
light is simply periodic, it is necessary to extend the examination. 
This is done below. We have also inquired whether fluorescence can 
be due to natural vibrations of the molecules aroused by the non¬ 
periodic quality of light. It is shown that so long as the equation of 
motion is linear, no such explanation is possible. 
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On Diselectrification produced by Magnetism, Pftliminaiy 
Note.” By C. E. S. Phillips. Communicated by Sir 
William Ckookes, F.E.S. Eeceived June 13,—Eead Jime 15, 
1899. 

The writer has found, that, under certain conditions, an electrified 
body rapidly loses its charge when in the ncighbom*hood of a magnetic 
field. Nor does it, so far, appear essential that there be any relative 
motion lietween the lines of magnetic force ami the charged body 
itself. 

Preliminary experiments have been made with appiiratus consisting 
of a glass tube six inches long and one inch in diameter, at the centre 
of which there was cemented upon both the innor and outer surfaces, 
a strip of tin-foil one inch wide. Suitable connections were then 
arranged for the purpose of charging either of these metallic layers 
by means of an electrical machine The pole-pieces of a powerful 
electro-magnet projected into each end of the glass tube, through an 
air-tight flange, and in such a manner as to ensure the production of 
a strong magnetic field at the central portion of tlio tube. A Sprongel 
air-pump was used to rarefy the gas within the tube, and, in the first 
instance, the inner coating of tin-foil was charged positively. 

This charge gave rise to the well known free positive and a bound 
negative charge upon the outer tin-foil coating, the presence of the 
former being indicated by the divergence of the leaves of an electro¬ 
scope connected to that coating. AVkilo the pressure of the gas 
within the glass tube was varied over a range of from atmospheric 
pressure to that represented by 0*2 mm, of mercury, the charge upon 
the inner coating being either positive or negative showed no appreci¬ 
able indication of being aifected by the turning on or off of the 
magnet. But at pressures lower than 0*2 nim., and when the innor 
coating was positive, the sudden collapsing of the electroscope leaves 
pointed to the removal of the charge through the action of starting 
or stopping the magnetic flux. Although the effect was more power¬ 
ful at the moment of making or breaking the magnet circuit, it per¬ 
sisted in a modified degree as long as the magnetic field existed* No 
such effect was observed when the inner coating was negatively 
charged, nor was there any action even in the first case when the 
magnetic pole-pieces, projecting into the tube, were magnetised so as to 
be either both north or both south. 

The leaves of the electroscope were then connected to one of the 
internal pole-pieces, and it was seen that if sufficient positive elec¬ 
tricity were supplied to the inner coating while the magnet was excited, 
it became rapidly withdrawn, and ultimately resided upon the pole- 
pieces themselves. 
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** On the Orbit of the Part of the Leonid Stream which the Earth 
encountered on the Moiuing of 1898, Novenihor 15.” By ' 
Ahthuk a. IUmbaut, M A., D.Sc, Radcliffo Ohsci^er. Com¬ 
municated by G. »roHNSTONE Stoney, MA., D.Sc, F.ILS. 
Received June 14,—Road June 15, 1899. 

For an accurate prediction of the return of the Great Leonid swarm 
of meteors, it is of the highest importance to determine as accurately 
as possible the orbit in which ejich part of the swarm is moving. 

As has been pointed out by Drs. Stonoy and Downing,* the denser 
part of the stream, with which we are chiefly conccrnetl, l>oing now 
drawn out to such a length that it takes more than two years to pass 
any point of the orbit, it results that the perturbing effect of the 
several planets will not bo the same on different jiaits of the stream. 

Hence it follows that the orbit deduced from the observations made 
during the groat shower of 18G6, however reliable they may have been, 
must not bo assumed to repi eaont accurately the track of the meteors 
which we shall meet when wo pass thiough the node of the orbit next 
November, even when allowance is mmlo for the perturbations which 
that part of the stream has suffered m the meanwhile. 

But although the determinations of the riwliant point of the shower 
made in 1866 are entitled to a high degree of confidence, owing to the 
large number of meteors upon which they depend, yet the discrepancies 
existing between the results of different ol>servers, and the fact that 
the varying effect of the earth’s attraction upon the position of the 
radiant at difleront zenith-tbatances was gcnoially o\erlookod by the 
observers at the time, introduce an clement of uncertainty into the orbit. 

The extent of these discrepancies may be estimated from the “ List 
of Observed Places of the Radiant Point in 1866,” as given by Professor 
A, S. Horachol in the ‘ Monthly Notices of the Royal Astronomical 
Society/ vol. 27, p. 19, and the effect of this uncertainty on the 
resulting orbit may bo illustrated by comparing the two sets of 
elements deduced by Adams and Schiaparelli, respectively, from English 
observations of the radiant point on that occasion. These are— 

Adams t Sohiaparolli X 

Period (assumed) . . P = 33*25 years, 33*25 years. 

Mean distance a = 10*340 10*340 

Eccentrioity .. = 0 9047 0*9046 

Inclination . t = 16" 46' 17" 44'*6 

Longitude of node.. .. v - 51" 28' 51" 28' 

Longitude of perihelion... ir = 68 " 19' 56" 26' 

• ' Boy. Soo. Proo.,’ No. 410. 

t ' IConthly Noiioos,* rol. £7; ' The Bcientifio Papers of John Oouoh Adams, 
voL 1, p. 269. 

t ' Bntwuxf einer Asiroaomisohen Theorie der Sten&sohnuppeu,' tod J. Y. Schla* 
pwdU,p.67. 
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The part of the stream through which the earth will pass this year 
lies between the position of those meteors which the earth encountered 
last year and that of the meteors of 1866. It is, therefore, of import¬ 
ance to investigate how far the orbit of the meteors observed in 
November, 1898, agrees with that deduced from the observations of 
1866. 

Unfortunately the observations obtained in 1898 are fewer than 
could bo desired. Unfavourable weather prevailed almost universally 
in England. On the Continent meteors were observed at a few stations, 
but they appear to have been outlying members of the stream, and the 
denser portion was not encountered until about 19 hrs G.M.T., on the 
morning of Novomlier 15 (civil time). For observations at the time 
that the earth was passing through the densest part of the stream, we 
are wholly dependent upon the American observers. The time of maxi¬ 
mum display is, owing to the paucity of meteors, somewhat indefinite, 
and seems to have differed by several hours at different stations. The 
most reliable accounts, however, agree in placing it between 19 hrs. 
30 min. and 22 hrs. G.M.T. on the mormng of the 15th, and from a 
discussion of all the separate determinations, I have been led to adopt 
20 hrs. 45 min. as the most probable time of maximum. This agrees 
exactly with Professor Young’s result, who writes, “ The maximum 
was about 3 hrs. 45 min. (Eastern Standard Time) when for about 
20 minutes the meteors averaged two or throe a minute.”* 

In Tabic I are given—the name of the observer, his observatory or 
station, its longitude and latitude, the Greenwich time, and the K.A. 
and declination of the radiant point. 

In this connection I may remark that in order to contribute to an 
accurate determination of the orbit, the G.M.T. corresponding to the 
observation, and the approximate position of the observer are just as 
essential as the co-ordinates of the radiant itself. In several of the 
accounts before us I have had to assume that the position of the 
radiant corresponds to the time given as that of maximum display, or 
to the middle of the time over which the watch extended. 

The longitudes and latitudes of the observers’ positions may also 
in some cases be in error to the extent of several minutes, but they are 
sufficiently exact to enable me to compute the “ zenith-attraction.” 

In Table I, I have included only those observations which seem to 


elate to meteors belonging to the dense, or central, part of the stream, 
^ey are all contained in the interval between 18 hrs. 58 min. and 
i^hrs. 2 min. G.M.T. 

* these separate results has to be corrected for the influence 

. earth’s attraction on the paths of the meteors during their 
^ oaoh, and for the influence of the earth’s motion on the apparent 
of the radiant. 

pieces tl 

* ‘ The Obwrrstoiy,’ DMMiibw, 1888. p. 4BB, 
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Thfi ladiuita Kos. 2 and 12 were determined bj the aid of photography. 
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The former varies with the zenith-distance of the radiant and its 
elongation from the “ apex,” or the point of the heavens towards which 
the earth is moving at the time. It has always the effect of displacing 
the radiant towards the observer's zenith, and hence has been called 
by Schiaparelli the “ zenith-attraction.” The amount of this displace¬ 
ment {tj) is given hy the expression, 


e 


tan J?; — 


W - 

-tan 

w-t-a 




in which r is the apparent zenith-distance of the radiant, u is the velo¬ 
city of the meteors relatively to the earth before the influence of the 
eaith’s attraction has become sensible, while iv is the accelerated 
velocity with which the meteor encounters the earth. 

This displacement, which has been too frequently overlooked by 
meteor observers, may, as pointed out by Schiaparelli, amount in 
extreme cases to as much as 25** 38'. In the case of the Leonids, how¬ 
ever, it happens that the elongation of the radiant from the “ apex ” is 
so small (in the case l>efore us not exceeding 11** at any time) that the 
effect of the zenith-attraction never amounts to half a degree, its 
greatest value being 29'. 

For computing the value of w wo have the expression 

r being the earth's radius, and tj the acceleration of gravity at the 
surface, or, expressing the velocities, as is convenient, in terms of the 
mean velocity of the earth in its orbit, 

+0-141587. 


In computing the value of 2gr m the above expression the Sun's 
parallax has been taken to bo 8"*80, and the ratio of the earth's mass to 
that of the Sun equal to 1/331,100. 

We thus have for computing w 

w = tt + [8-84999] X ^ - [7 39895] x , 

the ligurea in brackets being the logarithms of the coefficients. 

For determining u we may with quite sufficient precision adopt 
Adams's orbit of 1866. Also if U denotes the velocity of the earth at 
any time expressed in terms of its mean velocity, and E its distance 
from the Sun, then, 


u- VI-’’ 
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or, neglecting the second power of the eccentricity wo may, without 
loss of accuracy, write U == l/R. 

In Table II are given the values of the Siin*» longitude (©), the 
longitude (/), the right ascension (a) and the declination (^) of the 
apex, and the orbital velocity of the meteors (r), ail of which can bo 

Tal>lo II. 


’ 

Time. 

O 

Lof; H. 

/. 

a 1 

d 

r 

1898, Nov 

14 0 

232® O'^8 

9*99514 

142®52' 8 

l45°13'-7i+]3'‘53' 8 

1 -3877 


14 5 

232 40 0 

•99510 

M3 23 *7 

145 42 7 , 

44 0 

•3878 


16-0 

233 10-3 

•99505 

143 52 7 

116 11 9 1 

1 

34-1 

3879 


computed from the ‘Nautical Almanac* or from Adams’s orbit of the 
meteor stream. These are given for thiee epochs, viz..—November 
14‘0d., 14 5d , and 15 Od , from which their values at the time of each 
observation may bo obtained by intoi polation All of these quantities 
are needed m the subsequent i eduction of the obsoi vatioiis, or for 
deducing the elements of the oibit. 

We next compute the quantities ir, and exhibited in Table IIL 


Table III. 


No 

u 


V 

1 

2-3770 

2 4976 

22' 

2 

•371S 

4014 

19 

3 

•3782 

•4078 

10 

4 

•3680 

•3077 

35 

6 

•3726 

4021 

15 

6 

•374H 

4044 

29 

7 

•3845 

•4140 

22 

8 

•8767 

•4063 

15 

9 

3857 

4152 

29 

10 

■3821 

•4116 

20 

11 

■3700 

4094 

11 

12 

•3736 

4032 

27 

13 

•3724 

•1020 

15 


Applying the corrections for the earth*8 attraction, da and do, to the 
E.A. and declination from the formula} 

da ^ sin sec 5; dS - - -lycos/), 

jp being the parallactic angle, we find the coiToctedR.A and declination 
of the radiant, as given in the second and third columns^of Table IV. 
In the next two columns of the same table are found the longitude (L') 
and latitude (B') of the same points, and in the sixth and seventh 
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Table IV. 


No 

1 


• 


B 

/ 

L 


. 

Wt. 

1 

1 149“ 4' 

+ 22* 

3' 

143*^36' 

+ 8“ 

64' 

148“81' 

+ 15“ 

22' 

0-5 

2 

151 66 

22 

6 

146 6 

9 

68 

147 54 

17 

3 

1*0 

8 

150 37 

21 

22 

145 11 

8 

46 

146 12 

15 

6 

0*6 

4 

149 12 

«23 

61 

143 4 

10 

38 

142 31 

18 

22 

0-6 

5 

151 18 

22 

21 

145 22 

0 

63 

146 30 

17 

4 

0*4 

6 

161 26 

21 

43 

145 47 

0 

21 

147 23 

16 

0 

0*8 

7 

1 160 19 

19 

47 

146 29 

7 

11 

146 SO 

12 

24 

0*2 

8 

1 140 48 

22 

2 

144 14 

9 

8 

144 37 

16 

47 

0*6 

0 

I 148 23 

20 

11 

143 38 

6 

56 1 

143 30 

11 

69 

0*1 

10 

140 62 

20 

41 

144 46 

7 

63 

145 82 

13 

37 

0*8 

11 

149 43 

21 

21 

144 24 

8 

28 

144 50 

14 

38 

0*8 

12 

161 8 

22 

7 

146 23 

9 

38 

146 37 

16 

88 

0 2 

18 

161 42 

22 

7 

146 62 

9 

60 

147 20 

16 

63 

0-6 


cohimns are given the longitude (L) and latitude (B), of the true 
radiant corrected for the effect of the earth’s orbital motion. 

The quantities L and B define the direction of the tangent to the 
orbit of the meteors at the point where the earth intersects it, and 
from the mean of these separate dotorminations, the position of the 
earth in its orbit at the time, and an assumption with regard to the 
period of the meteor stream, the orbit is to be determined.* 

The only difficulty lies in deciding on the best mode of combining 
the various observations, or in laying down a rule for determining the 
weights. In this part of the work a certain amount of arbitrariness 
is, I think, unavoidable. From a careful consideration of all the cir- 
ciunstances of each case, as far as they are recorded, the oxpertonce or 
inexpenenco of the observer in this class of work as far as it is stated, 
the number of meteors observed, ami the size of the area from which 
the meteors appeared to ra<iiato, I have been led to adopt the weights 
given in the last column of Table IV, which represents, I think very 
fairly, the relative value of the individual observations. It will be 
noticed that I have given the two photographic results (Nos. 2 and 13) 
an importance out of all proportion to the number of trails photo¬ 
graph^, viz., four trails in the case of No. 2, and two trails in the 
case of No. 13. This is, I think, justified by the superior accuracy of 
photographic results in this class of observations. 

I thus find as the definitive position of the radiant of the Leonid 
meteors of 1898, 

146“* 49'±20’-6; +16" 2’±19'-9, 
corresponding to the epoch November 14*864 (astronomical time). 

• See ‘ HsndwOrterbuch der Astronomie,’ henraagegeben von Dr. W. Yalenti&er, 
Tol. 2, Breilsu, 1898. 
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From the researches of the late Professor H. A. Newton, and the 
results of the investigations of Drs. Stonoy and Downing on the per¬ 
turbations of Adams’s orbit, the most probable value of the period of 
revolution would appear to be at present about 33*49 years, corre¬ 
sponding to mean distance of 10*39. 

Any admissible variation in the length of the period, however, makes 
but a small change in the other elements of the orbit, as is evident 
from Table V, in which the elements in each columfi have been com¬ 
puted with the value of the mean distance which is contained in it. 


Table V 



I 

11 . 

III. 

(ABsumed) period . 

P = 

83-35yr8 

33 ‘49 yrs 

33 ‘73 yrs. 

Moui distance.. . .. . 

a ■» 

10-Si 

10 39 

10-44 

Anele of eccentricity ...... 

r = 

04° 40' 

G t** 60' 

64° 54' 

Inclination. .... 

t » 

10 8 

16 3 

16 3 

Longitude of descending node 


63 2 

53 2 

53 2 

Longitude of penhelion.... 


6ft 40 

5S 40 

58 40 


If we adopt the value 10*39 for the mean distance, a« being on the 
whole the most probable, we have the orbit in column II representing 
the result of the olisorvations of 189H, as far as they have been 
published. 


“ A Comparison of Platinum and (las Thennometers, including a 
Determination of the Boiling Point of Sulphur on the 
Nitrogen Scale: an Account of Experiments made in the 
Laboratory of the Bureau International des Poids et Mesures, 
at Sivres ” By Drs. J. A. Harker and P. Cuappuis. Com¬ 
municated by the Kew Observatory Committee. Eeceived 
June 8,—Head June 15, 1899. 

(Abstract.) 

In 1886, Professor Callendar drew attention to the method of 
measuring temperature, based on the determination of the electrical 
resistance of a platinum wire. He showed that the method was 
capable of a very general application, and that the platinum resistance 
thermometer was an instrument giving consistent and accurate results 
over a very wide temperature range. 

' CallencW pointed out that if Eg denote the resistance of the spiral 
of a partietdar platinum thermometer at 0", and Ri its resistance at 
100‘, we may establish for the particular wire a temperature scale. 
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which wo may call the scale of platinwm iempemiwrcs^ such that if B be 
the resistance at any temperature T", this temperature on the platinum 
R 

scale will be x 100 degrees For this quantity Callondar 

Ui - Ivo 


employs the symbol pU its value depending on the sample of platinum 
chosen, 

In order to reduce to the standard scale of temperature the indica¬ 
tions of any platinum thermometer, it is necessary to know the law 
connecting T and pt. Those are, of course, identical at O'* and 100“, 
but the determination of the curve expressing the rcLitionship between 
them is a matter for experiment. 

The work of Callondar had established for a particular sample of 
platinum the relation 


il 


'S-pt = s[(. 


J V-J1 

100/ lodj 


over the range 0" to 600”, T being measured on the constant pressure 
air scale. 

Later experimenta by Callendar and (xriffiths showed that this 
relation holds for pLitinum wires generally, provided they are not 
very impure. They propose that the value of 8, the constant em¬ 
ployed m the formula, should be detci mined by taking the i*08i8tance 
of the theimomoter in the vapour of sulphur. A new determination 
of this point on the air scale made by them ga\e 444*53“, as the 
boiling point under 760 mm. pressure 

The present paper is the outcome of the co-operation of the Kew 
Observatory Committee and the authorities of the International 
Bureau of Weights and Measures at bfevros, foi the purpose of 
carrying out acompaiison of some platinum thermometers with the 
recognised international standards. 

A new resiataiice-box, dosigne<l for this work, .and special platinum 
thermometers together with the other accessories needed wore con¬ 
structed for the Kew Committee, and after their working had been 
tested at Kew, were set up at the laboratory at S^ivres in August, 
1897. The comparisons executed between these instruments and the 
standards of the Bureau may be divided into several groups. The 
first group of experiments covers the range - 23“ to 80", and consists 
of direct comiiarisons between each platinum thermometer and the 
primary mercury standards of the Bureau. Above 80" the mercury 
thermometers were replaced by a gas-thermometer, constructed for 
measurements up to high temperatures. The comparisons between 80“ 
and 200" were made in a vertical bath of stirred oil, heated by different 
liquids boiling imder varying pressures. For work above 200“ a bath 
of mix^ nitrates of potash and soda was substituted for the oil tank. 
In this bath comparisons of the two principal platinum thermometers 
with the gas-thermometor were made up to 460“; and with a third 
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thermometer, which was provided with u porcelain tube, we wore able 
to go up to 590^ Comparisons of the platinum and gas-scales were 
carried out at over 150 different points, each comparison consisting 
of either ten or twenty loadings of tho different instruments. 

By tho intermediary of the platinum theiTnomctors a (letomiination 
of tho lioihng point of sulphur on the nitrogen scale yMxa also made. 
The mean of throe very concoidaiit sets of determinations with the 
diffeioiit thermometers gave 445“ 27 as tho boiling point on the scale 
of the constant volume nitrogen thermometer, a value differing only 
0“ 7 from that found by Callend.ii and Unthths foi* the same tem¬ 
perature expressed on the constant pressure air scale 

If for the 1 eduction of the platinum temperatuioa in our comparisons 
wo adopt the paiabohc formula, and the value of 8 obtained by assum¬ 
ing our new number for the sulphur-point, we find that below 100° tho 
differences between tho observed values on the nitrogen scale and those 
<leduced from tho platinum thermunietei are exceedingly small, and 
that even at the highest temperatiu'cs the differences only amount 
to a few' tenths of a degree. 

Full details as to the instiiimeiitb employo< I .md I lie methods miopted 
are given in the paper. 


“Agricultural, Jiotuuical, and (MieniKal IiesuUs of Expenrnents 
on tho Mixocl Hei hago of Feinianent Orarts-laiul, conducted for 
many Years m succession on the sium* Part 111—Tho 

<;hmnical Hesults.” By Sii .John IMcnnkt Lawes, Bavt., 
I)CL.,8cD, Fits , anti Sir d. llENit\ (IinuEiiT, LLl),Sc.D, 
F.R S. jtceeivt'd August 10, 1801* 

(Abstiact.) 

The experiments were commenced in 1856, rtiid aio still in progress, 
BO that the present is the forty-fourthyeai of their continuance. There 
are about twenty plots, two of whicJi have been continuously un- 
muriurcd, and tho remainder have icspoctively received different 
tloscnptions or quantities of manure of known composition. A report 
on the “ Agiicultural Kesults” was piildished in the ‘ Phil. Trans.,' 
Part I, 1880; and a second on the “ Botanical liosulta ” in the * Phil 
Trans.,* Part IV, 1882. The present paper deals with a portion of the 
** Chemical Results.** 

In all cases, of both first and second crops, the dry matter and the 
ash, and in most the nitrogen, have lioeu determined. In selected cases 
determinations have been made of the amount of nitrogen epsting as 
albuminoids, and in some of the amount of ** crude woody fibre,** and 
of crude fatty matter. More than 200 complete ush-analyaes have 
also been executed. 

vor., ij(v. 2 n 
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It was found that the chemical composition of the mixed herbage 
was very directly dependent, not only on the seasons and on the sup¬ 
plies within the soil, but very prominently also on the description of 
plants encouraged, and on the character of their development; so 
that it was essential to a proper interpretation of the variations in the 
chemical composition, to bear in mind the differences in the botanical 
composition. Hence a summary table was given showing the character¬ 
istic differences in the botanical composition under the different con¬ 
ditions as to manuring, the influence of which on the chemical com¬ 
position it was sought to illustrate. 

As the investigation involved the consideration of the chemical 
composition of the mixed produce of about twenty plots over forty or 
more seasons, including the <hscussion of the results of more than 200 
complete analyses of the ashes of the separated or the mixed herbage, 
attention was calletl to the state of existing knowledge lis to the role or 
function in vegetation of the individual constituents fomid in the 
ashes of plants , and this was seen to be very imperfect Further, 
in calculating the percentage composition of the “ pure ash,” the plan 
usually adopted was to exclude not only the sand and charcoal, but 
also the carbonic acid The authors considered, however, that the 
presence and the amomit of carbonic .tcid associated with the fixed 
constituents in plant-ashes was a point of considerable bignificance, 
and they entered into some detail as to the methods of detormmmg 
the carbonic acid in ashes, and as to the results obtained. 

Ill order to throw some light on the connection between the growth 
of the crops and their mineral composition, results relating to the 
separated giamuieous, the separated leguminous, and the separated 
“ miscellaneous ” hcibagoof the mixed pioduce, grown without manure 
and by diflerent manures, were first discussed To obtain more 
definite evidence illnstrating the connection between character and 
stage of growth and the composition of the products- -especially the 
ash-composition—icsults relating to the bean plant, taken at succes- 
sno periods of growth, and also to the first, second, and third crops of 
clover, weio next considered Lastly, in further illustration, results 
as to the nitrogen and the ash-composition of ciops of three different 
natural orders—wheat representing the Orammoap, Swedish turnips the 
Cruciforaj, and beans and clover the Leguminoseae—were given. 

The general result was, that there were very charactenstio differ¬ 
ences in the composition of the ashes of different crops according to 
the amounts of nitrogen they assimilated. Ked clover, for example, 
yields largo amounts of nitrogen over a given area, part of which is 
duo to fixation, but much is certainly taken up as nitrates from the 
soil; and the results show, that the greater the amount of nitrogen 
assimilated the more is the ash characterised by containing fixed base 
in combination with carbonic acid; presumably representing organic 
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Acid in the vegetable substance before incineration. The conclusion 
was that, independently of any specially physiological function of the 
bases, such as that of potash in connection with the formation of 
carbohydrates, for example, their office was prominently also that of 
mrri&rs of mirk actJ^ and that when the nitrogen had been assimilated, 
the base was left as a residue in combination with organic acid—which 
was represented by carlionic acid in the ash. Further existing knowledge 
—as to the condition in which combined nitrogen is found in soil waters, 
to the action of nitrates used us manures, as to the presence of 
nitrates in still-growmg plants, aial as to the connection between the 
nitrogen assimilated and the composition of the ash as had been illus¬ 
trated—pointed to the conclusion that, at any rate a large amount of 
the nitrogen of the chlorophyllous vegetation on the earth's surface was 
derived from nitrates; whilst, so far as this was the case, the raimi 
ip Hie of much of the fixed base found in the ashes of plants would 
seem to bo clearly indicated. 

The various results and conclusions above rcfciied to were found to 
afibrd material aid in the interpretation of the diflerences in the 
chemical composition ot the mixed herbage of the difleront plots which 
WHS next considered, so far as the first crops ovci the first twenty 
years were concerned. 

For the purposes of the illustrations the difierently manured plots 
were arranged in four groups as follows —1 Plots without manure or 
with farmyard mamiie 2. Plots uith nitrogenous manures alone. 
.*{ Plots with mineral manures alone 4 Plots with nitrogenous and 
mineral mainucs together. Average results foi each plot, generally 
for a period of eighteen years, 1856~*1«73, and including the per- 
reiitagcs of nitrogen, crude ash, and pure ash, in the dry substance of 
the produce, also the percentage (omposition of the pure ash were 
l>rought togothei in a table, and are tliscussed in detail The close 
flependeiico of the chemical composition of the mixetl herbage on its 
botanical composition, and on the character of development of the 
plants, was throughout illustrated. It was further shown, that the 
mineral composition of the mixed herbage was very directly dependent 
on the supplies available to the plant within the soil Indeed, when it 
was considered that the mixed herbage of permanent grass land 
includes plants of very various root-range and root-habit, and that 
some of them vegetate more or less almost the year rouml, it was not 
suiprising to find that the composition of the produce was, upon the 
whole, a somewhat close refioction of the available supplies within the 
range of the roots It was, in fact, much more so than in the case of 
individual crops grown separately. Within certain limits, this was the 
case even with the constituents of, so to speak, less functional im¬ 
portance than those which more obviously determined the description 
of plants encouraged and the character of their development. It was at 
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the same time obvious, that when the more functionally important 
constituents are available in relative abundance, those which Hi's of less 
importance in this respect were taken up and retained in less .imouiit 
than they otherwise would bo, the result being determined in great 
measure by the charaotei of growth induced. 

For example, if potash bo liberally available the produce is much 
more stennny, and the amount of soila, of Imio, and to some extent of 
magnesia also, will be loss lelatively to the ]M)tash. In defect of sufti- 
cient potash, on the other hand, more of soda, or of lime, or of both, 
will 1)6 taken up and retained ; but the hoihago will at the same time 
bo moie leafy and immature. That is to say, the constituents are not 
mutually replaceable in the processes of growth, ]>ut accordingly as the 
one or the other predominates, so will the prodiut of growth be 
ditteront 

There can lie no doubt, that luMinaiiLe oi vegctatMc activity is 
Ultimately associated with the amount of nitrogen available and taken 
up Fuither, it maybe stat<*d that chlorophvll formation to a great 
extent follows nitrogen assimilation. But the results relating to the 
jiuTCHsed amount of non nitrogenous substance yielded in the mixed 
hoi bilge under the intluonco of the various manures clearly indicated that 
the nitrogen being taken up, and the chloiophyil torniod, the carbon 
assimilation, and the carbohydiate foimation, depended essentially on 
the amoiuitH of jiotash available. It may lie stated as a matter of 
fact that, in practical agriciiltui’e, artificial nitrogenous nniuures aie 
chieflj^ used for croj>h conteiiiing a comparatively low peicoiitage of 
nitrogen in then dry substance, and yielding conipiiriitivoly low 
amounts of iiiirogeii per acie Indeed, they are irniiiily used for the 
iiicieased pioiluttion of the non-iiitrogenoiis bodies—the carbohydrates 
—starch and cellulose in the cereals, starch in potatoes, and sugar in 
the sugar-cane and in root crops, for example And now, m the case 
of the mixed lu'ibage of glass land, it was seen thiit, provided the 
mineral eonstituonts, arnl especially potash, were abundantly available, 
a characboribtic efioct of nitrogenous manures was to increase the 
production of the non-nitrogenous Ixidies 
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On the Orientation of the ryniriiKls and Toinplos in the Sftdan " 
Hy E A Wallis Bunoic, M A , Litt.T), D.Lit, F.S A Coni- 
niuuicate<l l>y Profeasor Sii Xokman Lockyek, K C P , F P S. 
Kcceived A})nl 14, 1899 

In tho year 1807 I was sent on a mission to the SOddn by the 
TrustceH of the Eiitish Museum, and in 1898 I was .again sent to that 
country to complete the woik in tho places which I could not reach tho 
year before on account of the unsettled sUte of that unhappy land. 
By the favour of Viscount Cionier and Loul Kitchener, tho Sirdar of 
tho Egyptian army, I was cn.ibled to visit sites which had not been 
visited by Eniojieans foi a great many years, and, by tho unusual 
facilities which these gentlemen afforded me, to make notes on matters 
of scientific interest which have, in recent years, been >videly dis¬ 
cussed. Besides the examination of tho luins of temples and the copy¬ 
ing of the inscriptions which the hand of time had spiircd, my wish 
was to collect, so far as possible, accurate information concerning tho 
orientation of the pyiamids m tho SftdAii, au<l to olitain rncasurementa 
of them with special reference to the work whu h Professor Sir Norman 
Lockyer and Mr Peniose have done on the temples of Egypt and 
Greece respectively 

It will he vememlicred that a few years ago Sn Norman Lockyer 
promulgated the theory tLit Egyptian tomplcb and pyramids* wore 
oriented to certain stars, which wore sacred to ccitain h]gyptian 
divinities, and to the sun at certain points of Ins couise Having 
worked through all tho available material which hml been collected by 
himself and others, he came to the conclusion lh.it his theory was 
correct, .and that with accurate ilata in his hands concerning a given 
temple or pyramid, tho astronomer would be able to supply the archspo- 
logist with a tolerably correct idea of the <late when the site was first 
covered by a religious or funer.al edifice. Tn the ‘ Dawn of Astronomy' 
a number of test cases were discussed with results which convinced mo 
of the truth of the theory, and Mr. Pemose, woiking on tho same 
lines, applied it to the temples of Greece with such remarkable results 
that my conviction was strengthened. It must, however, be admitted 
that several difficulties still rem.am to bo cleared away, but I think 
that these will disappear when the temples and pyramids of Egypt 
have been measured and surveyed according to modern requirements. 
For no one can fail to notice that the plans published, even those in 
the great work of Lepsiua, present inaccuracies of a serious kind, 
especially when wo consider that a vanation of a few degrees will 
wreck the most careful calculation. The object of the present paper 
is to inquire if, and how far, the pyramids of the SdldAn are oriented 
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according to any definite plan, and to put on record for the use of 
those interested in the subject such notes and figures as I w'as able ta 
make. 

The pyramid fields of the Sfid4n may be enumerated as follows:— 
(1) Kurni, (2) (3) Tankassi, (4) Gebel Barkal, (5) Nlirl or 

Nawail, (6) Mer4wi\ /./*, the Meroe of the Greeks The pyramids 
which stood upon these sites of which any remains at all exist are in 
number alx)ut two hundred, and it is quite certain that those which 
have been dosti'oyed may be reckoned at another two hun<lred at least* 
But a pyramid field to be useful for working out the theory of orieuta- 
tion uccoidiiig to a certain plan must possess certain characteristics, 
such as the following ;—(1) The pyramids upon it must bo in a good 
state of preservation at their bases, and all should not, if possible, bo 
oriented in the same <iir 0 ction (2) One or more temples should bo 
either on or near the pyramid field, so that the direction of the orienta¬ 
tion of l)Oth kinds of buildings may be readily compared Now, every 
pyramid which I have seen in the Sfidftn, with the exception of those 
of Nfirt, consists not of a solid mass of cut stones carefully built up 
with a funeral chaniboi inside it, Imt of a core formed of a mixtiure Of 
stones, sand, and lime which has been surrounded with a casing of 
stones, each nieasuniig about 18 inches by 12 inches by 10 inches. It 
seems to me that the core was first built, and the casing of cut stones 
put round it aftenvanls Cnnonsly enough, every pyramid, with the 
exception of those at Nfirt, is truncated, and it is this peculiarity 
which has wwked its ruin. For the rain has run through the flat 
layer of stones «it the top in large quantities, and in passing lietween 
the stones at the sides, which are built without mortar, has taken with 
it the hmo and sand from the inside; a hollow has thus lieen formed 
round the core, and the stones, aided by the furious winds which rage 
m the Sfid&ii at certain times of the year, have by their own weight 
fallen in upon it 8omctinies the casing has been built at too steep an 
angle, and the upper parts of the sides have fallen in or fallen out, as 
the case may l)o 

Yet another reason for the ruin of the Sftd&n pyramids must be 
mentioned The stones of which the sides are built, unlike the stones 
which foim the pyramids of Egypt, are relatively small, and the 
natnes have found them to be admirably adapted for certain purposes. 
Aft a result they have been filched from their places, and used to make 
the foundations of water-wheel supports and of houses, and also to line 
the shallow trenches in which the Muhammadans have buried their 
dead for countless generations Thus the pyramids have, one by one, 
been stripped of their stone coverings, and the wind and rain together 
have beaten the cores so much out of shape that it is sometimes diffi¬ 
cult, if not imposHilde, to distinguish them from small natural hills* 
The pyramids which have boon built in the mountains, or at any groat 
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distance from cultivated laud, are the best preserved, and this is only 
what might 1)0 expected. When a native wanted stones for any pur¬ 
pose, he wont for them to the pyramnl which was neaicst to him, and 
the result is that the pyramids which stood near the villagos or culti¬ 
vated land have in some districts quite disap^icared. Thus at Taii- 
kassi, about seven miles from Setieni abM)6m, where the P.gyptian 
troops were encamped about eighteen months ago, it is most <lifficult 
to identify the coies of the pyiamids which once stood theie. At 
Gobel Barkfil the pyramids which wore nearest to the cultivated land 
have disappeared, and the same may be s^iid of dozens of the small 
pyramids which stood at NClri. At Meroe the pyramids, which were 
bmlt near the temple that stood only <il)oiit a mile from the river, and 
were iii consequence close to the main load which has been the high¬ 
way to Khartfim anrl the south tor countless generations, have also all 
Imt disappeared 

In this way the six pyramid fields of the ShdAn become retluced to 
three, for those of Kurrii, Zhma, and 'runkassi may well he left out of 
consideration It is, however, tolerably ele.ir from the general <h8po- 
sitioii of the pyramid lemains at these places, that the system of 
orientation employed ])y the builders of the pyramids thoie resembled 
that found to have l>oon in use at (toIhjI Ilaikal, Nilrl, and Meroe. 
With the view of showing the present condition of the pyramids of the 
three prmcipal fields in the ShdAn, I took about fifty photographs, 
one of which is reproduced in this jwper. Sonic such record was abso¬ 
lutely necessary, for if the lithographic landscape views printed by 
Lepsius, m his work the ‘ Denkmaeler,* )>o compared with those photo¬ 
graphs, the serious doteiioiatiou in the condition of the remains since 
hiB time will at once bo clear 

In the summer of 1397 I ariived at the village of Sonem abft-Ddm, 
which IS situated on the left bank of the Nile, about hixtocn hundred 
miles from the Mediterranean , on the opposite bank ho the Milages ot 
Shibba, Mor&wi, and Barkal, and on the same side as those, ^iz., the 
east bank, a few miles to the south, rises the magiiiflcont i ock of sand¬ 
stone called Gebel Baikal. Befoie I began serious work at Gebel 
Barkal, I visited the pyramids of Nflrl with a view of finding out 
which was the more promising site. 1 could not visit the pyramids of 
Meroe that summer, because all the country round about was in the 
hands of the Dervishes; I theioforo had to content myself with the 
pyramid fields of Niiti, Bark.il, T.uikussi, &c ; aiirl with the hope that 
I might visit Meroe latei', I decidwl that, for sovei'a! reasons, the 
pyramid field of Gebel Barkal suited my purpose best, and so began 
work there. 

Qobel Barkal is a huge rock about throe hundred feet high; it is 
three-quarters of a mile long, and is alioiit half a mile wide in its 
widest part. The widest end has seivcd os a qnany, and all the 

2 c 2 
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stonee used m the casings of the pyramids for 10 miles north and 
south have conic from it. Close under the almost perpendicular end 
of the mountain are the remains of a temple huilt Ity Ramoses II, King 
of Egypt, about n c. 1330, and tlnise (»f a temple built by Piftnkhi, 
King of Kgypt and Ethiopia, about ik’ 730^ and those of another 
built by Tirhakah, King of Ethiopia, alwiiit B c, CSO. To the south of 
the mountmu lies the pyramid field, and the remains of the aiK’iont 
city of Naiwita must bo sought for “^onie five or mx miles fmther south. 
On the wuhtern bank of the Nile there mufet hav e stood a groat city, 
with many temples, pfilaccs, mid oilier gieat buildings, for on several 
oocasions when the Egyptian tioops have had to build block houses 
and othei military works, portions of laige columns, pottery, <S;c , have 
been found in digging out the foundations. The site of this tiiy is 
pioltably marked ueemately hy the modem village of Sencm abft-D6m, 
and the totnks which were nuule foi the nobles thereof are to be found 
away back in the desert, at a dislaiue of about two hours from the 
river, m a r.inge of lovv^ sandst me InlN. 



A Pykamu) at Uebel Bakkat.. 

Of the pyramid^ at Gebol Barkal some are in ruins and some are 
tolerably completethe former are useless for purposes of measure¬ 
ment, because the broken sides and the tUln is round the bases make it 
impossible to get aCciu^to compass bearings. I therefore made no 
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uttonipt to deul Autli the remains of the ])yiHmulB which are scuttored 
about oil the rocky plute.iii on the south sirle of the mountain, and I 
limited my inqiuiy to the be\eii A\hi(h stood on the top of it In 
Plan I these are set out to a stale of MO mk hos to the mile, and thanks 
to the kindness of Colonel the Hon M. H. Talbot, K.E, then position 
18 very accurately indnated"^ The beaiinf^s weie taken with a pris¬ 
matic coriiijasH, the vaiialion of \\hi(h\\,(s detei mined by companion 
with an astiononiic.d a/iniuth , but owm^ to the ii regularities of the 
mafaoniy, they cannot be rolietl upon to neatei than "2 'Die <listances 
were paced. The \anation between the tine noith and the magnetic 
north was estinuited at o] , and this estimate has been coiifirme(i trom 
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The Pyuamids ok Geukl Bakkal. 

mi examination of an Admiialty map,t which I have been so fortunate 
as to have had placed at mv disposal. On looking at the plan, wo 
notice that one pyiamid is oiionted at riD** from the true north, throe 

* My fnond Colonel Talbot, who was employed by the Egyptian Qovornmpr.t to 
make the Iriangulatioii and general survey of the SildAn for military purposes, 
obtained ostrononiieal azimutlis from time to time, to determine the variation of 
his compass bearings, and he made use of such data in preparing the two plans 
which accompany thu pajier He employed an nKinnith conqiass I did not use 
plumb-lines for finding the nlignmcnts, but a steel tape strotchod horizontally 
along the general surface of the pyramid was taken as the direction of oa'*h side 

t The Admiralty im»p here reterred to was s(.ouiaUy prepared in the Hydro* 
iT^phio Department for the use of Professor Sir Normon Lockyer, and it i* now in 
* hid possession. It is not a rough reconnaissance mode witli a prismatic ct>mpass, 
but contains the lines of declination os determined by c^unpass observations 
made in tbo Mediterranean, and the Red Sea, and the adjacent waters of the Indian 
Ocean. 
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at 140”, one at 122“, one at 147% and one at 139“. Of aU the temples 
which have been built at the foot of Gebel Barkal only two have any 
substantial remains, viz , those of Pi&nkhi and Tiihakah , the orienta¬ 
tion of the former is 127" from the true north, and that of the latter 
143". Now it seems to me that we may fairly assume that lx)th these 
kings, with then ancefetors and successors, wore buried near their 
temples, indeed fiom a common-sense point of view there was no 
place moie auitable for their tombs than the neighbouring hill or 
mountain slope. 1 searched diligently, hoping that I might find some 
trace upon some of the blocks of stone which had formed the shnnea 
or funeral cha|)ols that had stood in front of their pyramids, but with¬ 
out success. Every pyramnl at Gcbcl Barkal must have had such a 
shnno or chapel, but the size of the chajH?! depended upon the impoit- 
anco of the man whose tomb the pyramid was intended to cover 
Pyramids Nos 6 and 7 on the plan must, judging by the ruins, have 
had very large shrines onclose<l by walls, and we may assume, from the 
absence of similar buildings in the fionts of the other pyramids, that 
they were royal tombs The masonry, however, and the general appear¬ 
ance of them somehow suggest that they weie not the oldest of the 
group, though, arguing from arch ecological considerations, they should 
be as old as B.c 700. 

Passing to the most northerly end of the pyramid field of Gcbcl 
Barkal, we find lying there the remains of a “ step ” pyramid, and as it 
has an entirely different onontation from that of the other pyramids 
there, and the masonry is of a better class of work, and the whole 
building 18 on a scale ,\in (jenena, it is clear that it belongs to a 
different penod. It is a striking fact that archaeological considera¬ 
tions indicate that the pyramids which have difiercnt orientations 
belong to different periods, and at the end of this paper it will be seen 
that the results deduced from astronomical considerations point the 
same way. 

The official instructions which I received before I went to the Shdin 
in 1897 allowed me to make a trial excavation of one pyramid. I 
therefore selected No. 5 of my plan, as on its shnno there were sculp¬ 
tured scenes in which funeral offerings were being made to the royal 
personage who had the pyramid built, by priests, by Anubis the god 
of the dead, and by a number of gods whom it is not easy to identify. 
This royal personage was assumed to have identified himself with 
Osiris, and the goddesses who usually attended the god were here seen 
attending the king or prince. That he was royal there is no doubt, 
for one relief showed him in the act of grasping the hairy scalps of 
representatives of a number of captive or subdued nations, and brand¬ 
ishing a ShdAnl club over them, much in the same way as the kings of 
the XVIIIth and XlXth dynasties of Egypt are depicted on the walls 
of their tombs and palaces. To indicate the greatness and power of 
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the king his figiire had been made very large, a custom common, among 
savage or semi-savage tribes ; the figures of the vanquished were small, 
and were huddled together. 

To make certain that the mummy chamber was not in the pyramid 
itself, the stones from one corner, about half way up, were removed, 
and a boring was malic to the length of several feet , but it was soon 
evident that the core of the pyramid was not made of maeoniy, but of 
stone, sand, lime, &c., roughly mixeil togethei. This being so, the 
hole was filled up, and the btones replaced in the casing work. 

As soon as this trial work was iloiie, by the help of the British 
officers, about forty men were collected, and, provided with a few tools 
and a good number of baskets, we laigan to scauh for the pit which 
led to the mummy chamlier, which seemed to bo lielow the ground A 
trench was dug round all four sides, and at length a laigc fitat slab of 
hard stone, 10 feet hy 6 feet by 10 inches, set in hme, was found on 
the S E. side of the pyramid; this was broken through, and the layers 
of hme and sand which came beneath showed that we had reached the 
mouth of the pit or shaft. We toiled through 60 feet of rough con¬ 
crete in about four weeks, and at length reached a rectangulcir chamber 
about 9 feet cube, hewn, like the pit, out of the solid rock, the roof of 
this chaml^er was supported upon square pillars. A narrow jiassage on 
the S.E. side of the chamber le<l into another chamber winch had 
square pillars likewise; both chambers were half filled with sand. On 
the sand at the foot of the shaft or pit wo found some bleached 
bones and a broken wine j hi, upon which wore iuscn]ie(l the words 
OINOS POAIO!^, ie,f “Rhodian wine.” The bones were like the 
bones of a small sheep, but they fell into dust when touched, and 1 
could not therefore bring them home. The broken wine jar is a most 
interesting object, for it enables us to arrive at the date when it was 
put into the tomb. Wo know from several sources that Rhodian 
wine was used extensively during the latter half of the second 
century B.C., and the shape of the letters on the jar-nock points to 
that date. The jar, then, must have been taken up to Gebel Barkal 
from Alexandria, probably by boat, between B.C. 150 and B c 50, and 
broken in the chamber, which no doubt served as a funeral chapel, at 
the last feast of offerings held there. I do not think that this date is 
the date of the building of the pyramid, for it is a well-known fact that 
commemorative offerings were made in these chapels as long as funds 
for the purpose were forthcoming. Tombs of royal personages and of 
people of high rank were kept open by the priests for the express 
purpose of inducing relatives and friends to contribute offerings, 
fkiefiy in kind, at stated seasons of the year, and if a proof be wanted of 
this statement it is sufficient to refer to Diodorus Siculus,* who says in 
his histoxy that he visited the halls* and the chapels of the royal tombs 
* He Tinted Egypt B.o. 67. 
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in tho Viilloy of the Kings iit Thebes. Now we know that several of 
those tombs were built 1,300 years liofore the time of this historian, 
and yet they were open to tho inspection of visitors, even Greeks, at 
that late date. WTiat the broken wine jar shows us is that tho pyra¬ 
mids of Geliel Barkal were not built by late native rulers who flourished 
under the iiile of the Greeks and Eomans between BC 300 and 
A.D. 350, but l)y natne kings of the earlier dynasties who followed 
ancient funeral customs and rites that were known and practised as far 
back as the Xllth dynasty of Egypt, iibout B c. 2500. 

But to retuiii to the excavation Having lemoved tho sand from 
the chambers, it became evident that neither the pillars nor the walls 
thereof had ever been inscribed oi sculptured. A diligent search 
Lonvinced me that the mummy chamber must bo situated somewhere 
under tho pyiamid, anti, judging fiom the analogy of several tombs 
which I excavated with Gonoial Sii Frauds Grenfell, K.C.B., at 
Asw&ii 111 1886-b7, It ought to he exactly under its apex, if such a 
term may lie applied to a truncated pyramid. Therefore, returniug 
to the end of tho chamlwr which had l>een hewn out of the rock 
immediately beneath tho place where the shrine had stootl, we 
searched for an cnttaiico which would le<id us iii undoi the pyninudr 
At length we found that the wall of the chamber at this end con¬ 
sisted of a slal) of stone about 7 feet by 6 feet by 1 foot 2 inches, 
embedded in hme, and when this was broken through we found a 
sort of vault, but there was nothing in it. The only thing that 
remained to tlo was to cut into tho floor of the vault, and when we 
had done this wo found that wo had arrived at the mouth of a 
second pit or shaft, by which the mummy in its coffin must have 
]>eon lowered into tho chamber wherein it was to rest finally. 
We worked away at clearing out tho pit by candle light imdor great 
difficulties, and when weie uliout 100 foot below the base of the 
pyramid, we l>egau to come near to the short passage at right angles to 
the pit, which should have led us into the mummy chamber. At this 
point, however, the sides of the pit became very damp, and everything 
which we dug out was thoroughly wot; a foot or two lower down the 
men found themselves in standing water, and at length we had to stop 
work. We had reached a depth which had brought us down to the 
level of the Nile, and found that its waters had forced their way by 
infiltration into the shaft, and presumably into the mummy chamber 
also. This discovery was most disappointing, and one which 1 think 
could hardly have been foreseen. We were, therefore, obliged to be 
satisfied with having demonstrated tho plan upon which the pyramid 
tomb in the Sfid&ii was built, and its analogy to the rock-hewn tombs 
of Egypt of the first twelve dynasties. 

Now it is clear that, when the builders of tho pyramids at Oebel 
Barkal selected the site for their tombs on tho edge of the sandstone 
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plateau to the south, it must have been well out of. the reach of the 
inhltrutiou of the Nile waters, for they knew fiom long exixjiionce 
that the presence of damp was fatal to the prescJi vation of the mummied 
body. And liesidcs, it is mipossiblc that they should ha\e gone on 
building pyramid after* pyramid at \aiious places on the [ilateau and 
on the side whn h sIojjch do\\ n to the rnei without fiu<ling out that the 
water of the Nile avhs making their lalfoui vain. How then c.in the 
presence of the water be :i( counted fur ? The true answer seems to be 
that the bed of the Nile has gradually risen since the time when the 
pyramids were built, and it may be that the ri\er has also somewhat 
changed its course A small rinnual <leposit in its bed wouhl e^usily 
cause both the rise and the change, of course, and as a result certain 
sites which originally stood well ahoAc the level of the waters of the 
highest inundation would be Hooded from time to time The cause¬ 
way leading to the nvei and the foiemost coiutyatd of the temple of 
PiAiikhi were flooded In tlie Nile when I was at Oebel Rukal in 1897, 
and that year the inundation wvis not by any means one of the highest. 
Had there been any risk of this happening in Ihanklu^s time he w'ould 
never have built, or relmilt, the temple, Avhich must lia\e l>eon one of 
the glories of the oily of Napata, iieai the site whereof its remains 
now' he. Thus we see that in the SQ<lan, as in Egypt, the same geolo¬ 
gical changes have been at w oi k. 

P.issing now' from Uebel Barkal, wc have to consider the pyra¬ 
mids of Nhri, or Belal, whicli stand on tlie w'cst bank of the Nile, just 
opposite to the now famous village of Kassingar, and at about a distance 
of SIX miles as the crow' flics from Gebel Barkal The value of the 
pyramid field of Nflrl for a discussion on the orientation of pyramids 
is not 80 gieat as that of the field of Gcbel Baikal, but from other 
points of view' it is of very considerable interest Its pyramids are 
not so well preserved, and theie is not so much v'ariety of (irientatioii 
as is usually found in gioups of pyr.miids ehev\hero in the tSfldftn. 
The largest of the Nftii pyiamids must, with the oveejitiou of the 
“ step ” pyramids, have been the largest in the ShdAii, for when com¬ 
plete they cannot have been less than 100 feet high Several of them 
are built of hew'u stones throughout, and the oxcollenco of the mate¬ 
rial and the handy sizes of the stones have tempted the natives to use 
them freely for building tombs for their sheikhs and houses and giaves 
for themselves. Speaking roughly, the group at Nflrl consists of two 
rows of pyramids, the older row being that in which staurl the remains 
of a large “ step ” pyramid (see Plan II). The next oldest pyramids stand 
in a somewhat irregular row alKHit 200 yards to the S.E., and between 
|1ie two rows a numlier of pyramids were imilt at a later date, great care 
being taken by their builders to place them in such positions that the 
light from the celestial body to which they were oriented should not be 
oi^tructed by the older buildings. The first row of pyramids is in 
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mins , with the exception of the step pyramid all are small. Of 
the pyramids in the second row, six are sufficiently well preserved to 
affot^ us a good idea of what they were like when complete. They 
must have stood upon a slightly elevated site, and they could not have 
been much less than 100 feet in the side; on the S.E. side each pyra¬ 
mid had a shrine or chapel, into the innermost part of which the light 
from the celestial body to which it was oriented could enter. At each 
end of the pyramid field was a temple, the size of which it is impossible 
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to guess at without cleaniig away the tens of thousaiula of tons of sand 
with which the whole site is covered That at the X K end of the 
field is of considerable interebt, foi it shows tiaies of a icbuilding, 
during which the orientation anglcAvas alteied AVe have seen that 
the pyramid field of Gebel Barkal rcpicscnted the royal neciopohs of 
the city of Napatii on the north , to what city, then, did the fiyramids 
of Nfirl lielong 1 In the absence of the definite knowledge which tan 
only lie obtained by excavating, we shall piobably be light m regard¬ 
ing the pyramid field of Nfni as the royal tiec! 0 ])olH oi the city the 
remains of which now he beneath the sand at >S<Mieni-ribftd>6m. This 
city was certainly older than Xapata, and theicforo the pyramids 
which form the tombs of its loy.d inleis jiio oldei than thohe of Gobol 
Barkal or of any of the other sites which be fmthci to the south. A 
remarkable fact 18 that all the pyramnh at ISiiri, ()f winch tolerably 
accurate compass l»eanngs can l>e taken, aie onoitcd 129" from the 
true north, and that is the angle of oiicntation of the “step” pyramid 
at Gebcl Jlaikal. From aichaMilogital considerations the pyramids, 
including those built with sto}»s, which have this angle ot orientation 
should be older than those w’hich have a dificient angle The temples in 
Nubia and other countiies, including Egypt, whuh have this angle of 
-orientation, are as old as the pciiod w^hidi lies between the Xllth and 
XVIIIth dymisties, find 1 therefore think that the pj^iamids of Nfirl, at 
least the oldest of them, arc consideiably older than all the pyramids 
at Gebel Barkal, with the exception of the “step” pyifimid Theie is 
anothei point to mention, the pyramids at Xfiii arc on the left bank 
of the Nile, like all the ancient pyt.imulH of Eg} pt, .iiul I ihmk this 
is a strong proof of their gi eat autnjuity. With the making of meiisure- 
ments of the pyramids, and a caieful examination of the ruined 
shrines m the hope of finding inscriptions, my work at Nfirl in 1397 
came to an end. 

Towards the end of last year I left England for the Sfid4n, and 
before the end of December, thanks to the facilities afforded me by the 
Sirdar, I arrived at the Atliara River. In duo course I was sent on to 
a place called Bograwlyyeh, from where I was able to examine the 
remains of the temples and pyramids which mark the site of the 
ancient city of Meroe, and of the home of the gro/it queens who ruled 
there under the name of “ Candace ” From the spot whei e 1 landed, 
the ruins of the great temple of Meroe are about one and a half miles 
distant; by the side of them, running nearly due north and south, is 
the old Khartilm road, and in a lino almost due east he two groups of 
pyramids, at a distance of about four and a half miles from the river 
as the crow Hies. The diikh of the district, Muhammad Amin, who 
had been an officer of some rank under General Gordon, gave me 
•every assistance in his power, but the country had been so ravaged 
and wasted by the Dervishes led by Mahmfid under the Khalifa’s 
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ordeis, that it was Avith the greatestditficulty that a couple of donkeys 
were found for us to ride upon. The country is depopulated, and we 
saw hundreds of well Imilt houses falling into ruins. 

The first site Msited u.is that of the temple of Meioo, of which 
portions of scviual ])illars lu sifit still reniain Hefoie any satisfactory 
measurements of angles of oiientatiou could ho obtained as legaida 
both tho temi)lL* and the ])yramids, I saw that a good deal of excava¬ 
tion and dealing avay of (hlun would Iihmj to ho done; but as no 
men could ho found to do the w'ork—thoro being none in the country, 
thanks to r)ei\ish lule—I had to abandon that idea, and get th^best 
results I could fioiii the examination of tho rums only The temjde 
appeals to have been sun'Ouride«l by a ^vall which was built at some 
considerablo distance fioni it, anil a very laige number of people could 
have assembled in the space between the w^all and tho temple. Tho 
temple was, like most of the Sftdaii temples, dedicated to tho Sun-god 
Amen-Ua, whose visible type upon caith w^as the lain, and clearly the 
ram peculiar to that portion of the 8(ldin. Of the shiino nothing 
remains, but a tigiiic of a ram iii hard, bluish-grey stone lay among the 
nuns of the pillars The pyramids, over a hundred ni number, which 
aio situated at no great distance to the north-east of tho temple, aie in 
rums, and the masonry w'hich still remains is of the same class and 
style as that of the most locent portions of tho temple At two or 
three places in the plain round about are remains of Imildings of the 
Roman peiiod, and near one of these was found a bmall (ircek in¬ 
scription, which I brought home, it is now in the British Museum. 

Passing from the rivciside rums w^e made our way due east towanls 
a chain ot very low hills that lay in tho distance, and after an hour’s 
rule wo arrived at a crescent-shaped eminence which stood wuth it'* 
convex side tow«iids us. Tho top of the eminence w'«is aliout eighty 
feet alxivo the pebbly plain When I had walked lound tho pyramids 
It was easy to see that the}" must be divided for purjioses of examina¬ 
tion into three groups The first group stood on the crescent-shaped 
eminence mentioned above, and it seems as if this site originally con- 
8 i8te<i of a senes of low hills, from which the tops had been cut off and 
thrown into the hollow's between to make a level I wise foi tho pyramids. 
The first group consisted originally of about twenty-five pyiannds 
Tho second group stood away to tho south-east, and consisted oiigin- 
ally of about tw'onty-tw'o pyramids. The third group lay close to tho 
second, and tho pyramids w-hich lielong to it aio aliout twenty in 
number. Of tho pyramids of the first group there are abundant 
remains, and it is easy to see that they roproiluce all the characteristics, 
and all the angles of orientation with which wo are familiar from the 
pyramids of Geliel Barkal and Niirt, together with some others. Here, 
as at Oebel Barkal and Niirt, and the pyramid field to the north-east 
of the ruins of the temple of Meroe, we find a “ step ” pyramid larger. 
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better built, .uul l>etter planned than the othei pyiamids which stand 
near, and in each place this “ step ” pyramid has an orientation angle 
of 129^ 

In Northern Kgypt, as is well known, .til the jiyraniidH are oriented 
east and west, and obseivations show th«it m Southein Egyjit the 
“ steppyramids aio oiicnted not east and west, but in another 
azimuth facing south-east, \vith such an am]>litudc that it could not 
ha\o been a question of the sunlight entering the shnne. We are 
therefore driven to stai worship. Now, the chief pyramids in 
Northern Egypt date from lu* 3800 to nt’ 2fi00, wo may cvpoct 
therefore that, as the idea of pyiamnl ImiMiiig was introduced into the 
south from the north, the hnihling of the “step” pyr.imids nmst 
ha\e taken phice at a ^ery early ilate Fajtjkiiig to this amplitude it 
has already been show n that some of the chief temples of Southern 
Egypt weie onented to a Centaun Taking the “step” pyramid at 
Gel>el Baikal with an azimuth of 129’, we have an amplitude of 39“ 
south of east, and, not taking into account refraction and the heights 
of the hills on the hoiizon, winch would tend to neutralise each other, we 
find the declination of a star tlius observed to 1)0 35" 58' south, a posi¬ 
tion which the star occupied no 2700. These “step” jiyramids then 
wore probably built under the influence of the kings of the Xlth and 
Xllth dynasties, who were famous for their huiMing operations This 
date will also suit admiralily from both an astronomical and an 
archleological aspect the temple of Pifinkhi, which has a ncaily identi¬ 
cal amplitude Wo have to assume therefore that Pnlnkhi, like many 
other kings, simply restored a XITth dynasty temple. With reganl to 
azimuths from 143“ to 150’, I find that the same star, a Centauri, 
might still have l>een oliseived, but iii this case the biuldiiig of both 
temple and pyramid must have taken place about the period which lies 
between bc 1200 and B.i’ 700, Heie, m my opinion, the astro¬ 
nomical detorniination agrees with the archppological requirements. 

At Nflil, as at the othei places mentioned above, wo find numbers 
of pyramids with the orientation angles of 122’, 140”, and 147°; and 
the characteristics of the pyramids having the same angle in one place 
are the samo as those having the same angle elsewhere. At Nfiri and 
at Begrawlyyeh or Mcroe, a considerable number of pyramids have 
exactly the same angle of oiientation, viz., 129”, and the numlier is so 
great that it is clear that we arc not dealing with a question of acci¬ 
dent but of design. The great Lepsius came to the conclusion that 
the pyramids of Nftrt looked oliler, ami were older, than the pyramids 
of Gebel Barkal, and my own observations made on the spot convince 
me that bis view was right ; and he might have added also that the 
pyramids at Meroe having the same angle of onentatiou as those at 
NM are older than those which have a different angle. It has been 
said above that of the shrines which originally stood before the 
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pyramids of Gebel Barkal and Nfirl, few remains exist, but this is not 
the case with the pyramids of Meroe, where we have the greater por¬ 
tion of many of their shrines still standing m situ. These remains 
show that the shrines consisted of two, and sometimes three, chambers 
with narrow doorways which served, like the various sights and sections 
(If a telescope, to dircc t the rays of light from the celestial body to a 
given spot, that spot in the case of a pyramid lieing the centre of the 
shnno where a figure of the decease*! was placed. On the walls of the 
shnnos are cut in outline figures of kings, armed with bows and 
arrows, and swinging clubs over the heatla of a mass of people who 
belong to captive races, arifl in some few cases we have been fortunate 
enough to find preserved the names of the kings who built them. Now 
those names help us to assign a date to the pyramids on which they 
are found, and it is thus possible to compare the results derived from 
astronomical calculations based upon angles of orientation, and those 
which are dori\e*l from arch geological experience. 

For purposes of convenience the so-called kings of Ethiopia have 
been divided into four groups — 

1 . The <lynasty of Piinkhi which ruled in the eighth century b.(‘. 

2 The dynasty of Tirhakah which ruled about a century later 

3. The caiher kings of Meroe who nilod from about B c. 600 to the 

end of the Ptolemaic poiiod 

4. The Liter kings of Meroe who ruled from the lieginniiig to the 

middle of the Roman domination over Egypt. 

Of each ot these groups of kings monuments, ic., temples and 
pyramids, have been found, and there can lie no doubt whatever alioiit 
this, for a number of royal names belonging to each of those four 
groups have l>een found inscribed upon them. Wo have already seen 
that some of the temples and pyramids of (Tebel Barkal belong to the 
period which lies between BC. 800 and BC 600, and it is now clear 
that some of the pyramids of Menx* belong to the period whi<^ lies 
between n c 500 and a d 200 Here, again, the orientation theory 
shows that any shrine built about that time would have been directed 
to the important south star Fomalhaut Now we may see from Dr. 0. 
Danckwortt’s important inquiries concenung the processional change 
of place of forty-six fimdamontal stars from B.c. 2000 to A.D. 800,* 
that at zero time the detlinution of Fomalhaut was 39^ south, and that 
it was slowly changing. So that a difference of 1 to 40” south would 
givens B.c 300, and to 38' would give us A.D. 200. After what I 
have said as to the difficulties, almost impossibilities, of determining 
exact azimuths, in my imnd there now remains no doulit as to the 
time when these shrines were built. Wo have now to consider the 


• See * VieiteljaliNsehrift der nstionomischen GeBellschaft,* Leipzig, 1881, p 76 
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date of the pyramids of Nftr!, on which no inscriptions have been 
found, and the date of some of the pyramids of Meroe on which also 
no inscriptions have been found; but before wo can arrive at any con¬ 
clusion on these points, we must briefly consider the question of the 
ancient civilisation of the S(id4n and its origiiu 

In the first place we must put aside the name Ethiopian which is so 
often applied to it, because thoio is no ovidcnco whatever to show that 
it is of Ethiopian on^^in; the term “ Ethiopian ” has been loosely 
applied to the ancient peojilcs of the Eastern SfldAn and their works, 
just as to any object the source of whnh was unknown the name 
“Phoenician” or “ Hittito ” has been applied in our own day The 
ancient tiibos who lived on the o*i8t liank of the Nile from Wftdl Haifa 
to Khartum wore not negroes, and they had but little in common with 
the trdxsa who lived south and west of Khartum, uidee<l they wore 
not a black race at all The colour of the men’s skins was rod, not 
black, anil that of their women, who ditl not expose themselves to the 
sun’s rays, was of a yellowish-red Between these peoples and the 
ancient Egyptians a more or less friendly intercourse existed fi om the 
earliest times ; otherwise how could the Egyptian officials who were 
sent to the SMdn, to the district of “big trees,” to bring back huge 
tree trunks to cut up for coffins and sarcophagi for their royal masters, 
have succeeded in thoir enterprises t Men sent upon missions of this 
kind must have followed the course of the nvor, for the shorter desert 
routes were quite impossible, at any rate on the return journey foi 
men laden with ))aulk8 of timber. Still more remarkable is the fact 
that a high official, i ailed Ba-ur-Tattu, in the reign of Assn, about B.r 
3300, travelled as f.ii south as the land of the pygmies, aiid lirought 
back one of these folk for the king; and eighty years later Heru- 
Khuf, a governor of Abu, or Elephantine, ilid the same thing It is 
difficult to imagine that Egypt could have exercised any great power 
ovei the country south of WMt Haifa, but that there should have 
been a relatively brisk intercourse between Egypt and the SAdAn for 
trading purposes is only natural. Again, if the Egyptians made any 
colonies in the south, the introduction of Egyptuin civilisation and 
religious ideas would inevitably follow, and intonnarnages between 
Egyptian strangers and natives would take place. ^loreover, the 
natives who visited Egypt A^oiild bring liack with them new ideas, 
which in course of time they finally ailopted, adding such modifications 
as their opinions dictated. The Egyptian viceroys and SAdAii princes 
would naturally build temples and tombs (/c., pyramids) after the 
manner of those they found in Egypt, but the orientation of these 
would be altered in accoidanco 'vith the religious ^ lews of those who 
built them. But suitable sites for temples and pyramids are more rare 
in the SAdAn than in Egypt, and priests in both countries were unwil¬ 
ling to abandon a spot which had become associated with sacred beliefs 
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■or religious worship. For this reason they were driven to various 
shifts in order to make an old temple suitable for modern require¬ 
ments , and when no amount of modification would suffice they even¬ 
tually pulled It down, in whole or in part, and rebuilt it on the same 
site as the (tld one. 

Since constant iiiteicourse existed between Egypt and the SfidiXn in 
very early times, and since the people of the one country were infin- 
onced greatly by those of the other, it is clear that theie is no reason 
why certain of the SficUln pyramuls should not bo as old almost as those 
of Egypt. Oil this point both astronomy and aroheoology agree, and 
I find, on companiig the tables in the ‘Dai\n of Astionomy ’ and the 
(loductions which the author has made from them with my own obser¬ 
vations made from an archucologicid stamlpoiiit, that our conclusions 
are identical. I may therefoie say finally that we seem to be in the 
presence of three different sets of stiucturcs which ^^e^e built at three 
different times. The oldest dates from the XITth dynasty, when 
a Centauri was used as a warning star ; the second from B.C. 1200 to 
B.C. 700, the same warning star being used; and, finally, a third group 
much later, when the star Fomalhaut could be observed on the horizon 
with the identical amjilitudo first employed. Tables have l^n pre¬ 
pared showing the various azimuth amplitudes and declinations, with 
corrections for refraction and for hills on the horizon, which are esti¬ 
mated at 1 ^ oi 2“ in height, but it is not necessary to give them m 
this place because of the local difficulties in determining the azimuths, 
to which I have already referred. 

I have very great pleasure ui expresbiTig rny thanks to Viscount 
Cromer, Lord Kitchener (Sirdar of the Egyptian Anny), Colonel Sir 
Francis Wingate, Colonel Sir Rudolf Slatin Pasha, Major-General Sir 
Leslie Rundle, Colonel the Hon. M. G. Talbot, R.E, Colonel W. H. 
Drage, D S.O., and to many other British officers foi jissistanco and 
help in the course of my work. Notwithstanding the incessant and 
laborious duties which devolved upon them as officers of a frontier 
field force, they readily and freely found time to forward my investi¬ 
gations, and but for their many acts of personal kindness I shoukl 
have found it impossible to have completed my mission 

The following table of amplitudes, &c., I owe to the kindness of 
Professor Sir Norman Lockyer, K.C.B., F.R.S. 
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“ The Effect of Staleness of the Sexual Cells on the'Development 
of Echinoids.” lly H. M. Vernon, M.A., M.D., Fellow of 
Magdalen College, Oxford. Communicated by W. F. E. 
Weldon, FES Received June 27, 1899. 

The effect of varying degrees of staleiiebs of the ova and sperm of 
an organisin upon subsequeiit development appears to have been very 
little fitudicil, though such a condition must obviously bo a factor of 
frequent occurrence mider natural conditions. Thus m most of the 
Coelentora, Echinoderms, and in some of the worms, it would seem to 
be a matter of chance whether the ova and spermatozoa come into 
contact when freshly shed, or only many hours after extnisiori. In 
some mammals also, especially in man, the relative degree of freshness 
of ovum and spermatozoon at the time of fertilisation is entirely a 
matter of chance. 

The chief connection in which the question of stalcness has been 
hitherto studied is that of polyspermy. Thus 0. and R. Hoi twig 
found* that on crossing ceitam species of Echinoderms, as the ova of 
S'plKerechinm (jiannlarm with the sperm of SUonipflocentidm 
more and more of the ova wore fertilised up to a certain point if they 
wore kept for an increasing number of hours in sea water, but that 
after this point they began to undergo polyspermy m an increiwing 
degree, and to develop abnormally. To whafc precise extent is this 
tendency present, however, and how is it affected by the staloness of 
the ova on the one hand, and of the sperm on the other 1 Also, do 
the normally developing ova of stale sexual products continue to 
develop equally well with those from fresh products, or not ? Such 
are the questions it is attempted to answer in this paper 

The method of experiment was very simple. The ovanes and testes 
of ripe s{)ocimens of the Echinoid SbmfjyloceiUtoius litndiif* were shaken 
in jars of water, and portions of the contents of these were mixed, either 
immediately, or after a given number of hours. The mixed solutions 
were allowed to stand for an houi’, and were then poured into beakers 
and diluted with about ton times their volume of water. Twenty-four 
hours later, some of the stirred up contents were introduced into a 
small glass coll, and a drop of corrosive sublimate solution added to 
kill the blastulsB and make them sink to the bottom. The numbers of 
normally developing blastulse, and of abnormally developing and 
unsegmented ova were then counted, 300 to 300 being nsually 
enumerated, in order to get an accurate estimate. In all coses the 
mixed ova from two or more ripe specimens were used, and wore 

* * Biperimentolle XTntenuchungea tiber die Bedingiugen der Baetsrdbofnicli* 
ttuig.' Jena, 1885. 
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fertilised by the mixed sperm of two or more specimens, in order to 
get as average results as possible In the experiments to be sub¬ 
sequently doscribal, however, in which the stale ova and spermatozoa 
were mixed several ditferent times at a few houra’ interval with fresh 
sperm and ova, as often as not only one fresh specimen was used m 
each case. 

In the subjoined table are given the rcbulta obtained in one of the 
most complete experiments. In this case parallel senes of determimi- 
tions were made, in which the ova and sperm were kept in, and after 
fertilisation diluted with, respecti\ely tank water from the Aquarium, 
*and pure water collected sevc^ral kilonieticH from the bliore of the Bay 
of Naples. 



Tauk water 

Pure sea water 

Tune of 
fertilieation 

Per cent, 
blastulcc. 

Per cent 
diminution 
per hour 

Per cent 
blast 111 ir. 

Per cent 
diminution 
per hour 

Directly . 

9S*6 


SHI-9 


Aft-or 6 hours . . 

96*3 

0 6 

95 6 

0 2 

» 21 

83 2 

0 H 

97 2 

nil 

» 24 „ , .. 

77 9 

1'8 

92'7 

1 5 

,, 27 ,, .. 

73 2 

1 0 

(16 S 

8 7 

„ m M .. 

6.5 7 ! 

6 0 

0*26 

18 0 

fi 28 n ... 

36-0 1 

1 7*9 

O'O 

0 1 

II 384 n • * * 

2 2 

13 5 



» 4e „ 

0-0 

0-3 




It will be seen that the ova survived bettor in the tank water than 
in the pure sea water, though in two other similar senes of experiments 
the reverse relationship, which one would naturally expect, showed 
Itself. Of the ova fertilised immechatcly after bhedding, one may see 
that respectively 98’5 and 96 9 per cent, developed to normal blastulte 
On keeping, the ova in the tank water began at first to deteriorate 
more rapidly than those in the pure sea water, but between the 24th 
and 27th hours, those in pure swv water suddenly began to fall away, 
and after 304 hours, only 0*25 per cent of the ova remained to undergo 
normal development. The ova kept in tank water, on the other 
hand, postponed their rapid degeneration till the 27th to the 35^th 
hours, or more espeoially till the 33rd to the 354th hours. In order to 
ahow more strikingly the suddenness of the onset of this abnormal 
development on keeping the ova, another column has been added to 
each half of the table, giving the perccittage diminution of normally 
developing ova per hour. For instance, after six hours development in 
tank water, 3*2 per cent, less of the ova developed normally, or, on an 

2 D 2 
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average, 0*5 per cent, per hour for each of the first six honrs. This value 
is put, for convenience, against the “ after six hours ” line in the table^ 
though it should rightly be placed between the “ directly ” and “ after 
six hours'' lines. The other values are arranged in the same way. We 
see then, that of the ova developed in tank water, from 0 5 to T8 per 
cent, per hour underwent abnormal development up to the 27th hour, but 
that then the percentage rapidly increased, till from the 33rd to the 
35^th hours, it reached to 13*5 per cent. In the case of the ova kept 
in pure sea water, the result was still more striking. Thus till the 
24th hour only 1 5 per cent, or loss per hour developed abnormally^ 
but from the 27th to 30^th hour, no loss than 18*9 per cent 


Tune of 
fertlliwtiou 


For cent dimmutiou per hour 



Tauk water Tank w'aU^r I Pure water | 

(1,000,000 per litre) (49,000 per litre). (680,000 per litre) ' 


Directly. (71 6) 

Aftor 9 Uoun 0 *7 

20 „ 3 

24 „ 6 9 

29 „ 0 5 

82 * „ 0-2 

46 I 0*06 


(83 9) 

(86 0) 

0-7 

0*2 

6 6 

0 8 

1*1 

X3 -8 

0 05 

3‘6 

0*0 

1*6 


0*2 


In this next table a similar series of observations is recorded, but in 
addition a third senes of determinations was made, in which ova and 
sperm were kept in about twenty times as great a volume of water as 
was used in the other experiments. Thus it was thought that perhaps 
the keeping together of very largo numbers of ova and of spermatozoa 
in small volumes of water might tend to increase the rapidity of their 
deterioration. As far as this single result can show, however, just the 
reverse is the case. Thus when only 49,000 ova per litre were kept 
together, the maximum rate of deterioration was reached between the 
9th and 20th hours, whilst when 1,000,000 per litre (about the usual 
state of dilution) were kept, the maximmn rate was not reached till 
the 20th to 24th hours. 

In pure sea water, with a dilution of 680,000 ov^a per litre, the 
maximum rate was also between the 20th and 24th hours, but a fair 
number also degenerated between the 24th and 29th hours. In this 
table it will be noticed that the actual percentages of blastuln have 
been omitted, and only the percentage numbers of ova per hour under¬ 
going abnormal development given. The numbers given in braokets 
against the ** fertilised directly ” line indicate the percentages of normal 
blastulie produced on immediate fertilisation. 
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Time of 
fertilisation 

Per cent, 
diminution per 
hour 

Tune of 
fertilisation 

Per cent, 
diminu¬ 
tion 

per hour. 

Time of 
fertilisation. 

Per cent, 
diminu- 
tion 

per hour. 


Tank 

water 

1 

' Pure 
water ! 


Tank 

water 


Tank 

water. 

Directly.. •. 

(09‘7) 

(08 8) 

Directly ... 

! (100 0) 

Directly ... 

(08 2) 

After o hrs. 

0*7 

0*4 

After 0 hrs 

1 6 

After 6 hrs 

0*7 


0*6 

0*4 

I, 24 „ 

1*0 

11 1. 

ml 

*. 22 

6*8 

1 a 

1 ft 83 ,, 

0*7 

11 24 

ml 

i» 31 If 

2 2 

H 0 

If 46 „ 

, 0*8 

If 32 „ 

117 

II 35 1, 

0-8 

0 2 ' 

1 

1 

i i 

1 

n 36 „ 

0*1 


In this next table the re«\ilt8 of four senes of observations are in- 
eluded. In the first two the relative effects of twik and of pure sea 
water, wore again corapdie<l. In this case the pure water had a much 
better preservative effect, the ova undergoing their maximum deteriora¬ 
tion some ten hours later than those kept in tank water. In the 
remaining two series of observations, the sexual products were kept in 
tank water, the maximum rate of deterioration being lietween the 24th 
and 33rd hours, and the 24th and 32nd hours respectively. This last 
experiment is in some ways the most striking one made, as 94*8 per 
cent, of the ova developed to blastulce until the 24th hour, whilst by 
the 32nd hour only 0 8 per cent, so developed. 

As a whole, therefore, these observations show a fair amount of con¬ 
stancy. The moan times of the period of maximum deterioration in 
the various series are respectively 34J, 2822, 14^, 22, 18, 26J, 28J, 
and 28 hours, or, on an average, 24^1x1 hours after the shedding of the 
ova and sperm. The reason of this constancy may have been the 
similarity of the conditions of experiment. Thus all the observations 
were made in the latter half of March and the first half of April, and 
throughout the temperature of the water only varied between 13*5" 
and 16*3". 

The chief conclusion to l>e gathered from these experiments seems to 
me to lie in the comparative suddenness of the onset of the increased 
rate of deterioration of the sexual cells. Thus in all hut two out of 
the nine experiments, the rate of increase of abnormal development 
remained at about 1 per cent, per hour till the 20th to the 27th hour, and 
then became so rapid, that within about nine hours the capacity for 
normal development had almost entirely disappeared. Thus rapid 
increase is well shown by the graphic method in the accompanying 
figuroi Here the four most striking results obtained are reproduced, 
the values obtained in each of the different experiments being dis¬ 
tinguished by different signs. 
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The probable reason of this increase readily suggests itself. Thus 
supposing that animals developing from ova which are very nearly, but 
not quite stale enough to avoid normal fertilisation and development, 
are for that reason less strong and vigorous than those arising from 
fresh sex cells, it follows that the period during which the sex cells 
remain normal ought to be as long as possible, but that, once these have 
begun to deteriorate, they ought to absolutely lose their functional 
capacity as rapidly as possible, in order that the number of enfeebled 
organisms which we have supposed to arise may be as small aa 
can be. 
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III all the exporiments thus far described, both ova and sperm were 
kept for similar periods befoio fertilisation. In order to determine 
whether the onset of abnormal development depended more especially 
on the stalenoss of the one element or of the other, experiments were 
also made in which either stale ova were fertilised with fresh sperm, 
or fresh ova with stale sperm. At the sumo time some of the 
stale ova were fertilised i^ith the stale sperm, so that properly com¬ 
parative results were obtained. These are collected in the subjoined 
table. 


Time of 
fertilisation 

Percentage ut normal blastuta) j 

V atale 
atnlo 

$ stale. ^ 
(j fresh. 

V frt'sh. 

^ stale 

After 9 houi'a........ 

88 0 

81 *0 

97*0 

>, 9 ,, ........ 

85 6 

70 0 

65 2 

1 20 „ - ...... 

29 0 

4 7 

95 *5 


91 0 

95 U 

93 0 

,, 24 ,, .... ■ • t. 

45 3 

87 *3 

06 2 

„ 24 „ ........ 

70 1 

H7'(> 

10 7 1 

„ 24 . 

94*4 

95 0 

Ml 1 1 

fy 2l ,, •.«•*... 

73*3 

67 3 

68 6 1 

.. 20 . 

2 7 

01 3 

5 9 1 

,, 3y „ ...... 

10 6 

4H 1 

73 6 1 

» 3* .. 

0 0 

1 23 H 

3.1 0 

Mean... 

53 6 

68 6 

66*5 


On comparing the throe columns, one can see that there is no regu¬ 
larity m the figures. In two cases the niaximum number of normal 
blastiilss was obtained from stale ova and stale sperm, in four cases 
from stale ova and fresh sperm, and in five cases from fresh ova and 
stale sperm. In the last line of the table are given the mean percent¬ 
ages of all the observations made. From these one may perhaps con¬ 
clude that whilst on an average just as many blastulsa are obtained 
with stale ova as with stale spermatozoa, yet that when both the sex 
cells are stale, the proportion is slightly loss. Ih’obably, however, one 
is more justified in concluding that within cort«iin limits it is a matter 
of indifference whether one or other or lioth of the sex cells is stale. 
Thus if the last three observations in the toble, made between the 29th 
and 34th hours, be omitted, the average percentages of blastulte 
obtained in the remaining eight experiments are respectively 72’1, 
73'6, and 77*0, nearly as great with both sexual cells stale os with 
only one. These last three experiments would, however, seem dis¬ 
tinctly to indicate that when the sexual cells have reached their period 
of rapid deterioration, it is a distinctly more favourable condition if 
only one and not both of the cells be stale. 
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The oonoluflion we have arrived at is not altogether an expected one» 
as far as one could form any expectation from indirect evidence. Thus, 
as before mentioned, O. and li. Hortwig found that the ova of certain 
Echinoids, if kept ten to twenty hours, underwent fertilisation in very 
much larger numbers than freshly shod ova The fresher and better 
the condition of the sperm, however, the better the chance of cross 
fertilisation. Again, in a former paper,^ I showed that hybrid larvie 
from the ova of Siron>fjiflocpiUrotm livulm and the sperm of SphctrerMnm 
granulans could only be obtained in any number during the months of 
July and August, when the sexual products of StnmgifJocerUfoius were 
found to reiich their minimum matui ity Those of SplmrfcJnnm were, 
on the other hand, in a mature condition. One would therefore be 
inclined to conclude that in the present expciimcnts, stale ova ferti¬ 
lised by fresh sperm would yield a larger proportion of blastulss than 
fresh ova fertilised by stale sjioim. It must bo rememl)cred, however, 
that the conditions are essentially ditferent. Thus in direct fertilisa¬ 
tion, it IS the natural property of every ovum, whether fresh or stale, 
to undergo fertilisation by any Hpermatozoon which still proseives its 
vitality; whilst in cross fertilisation it is, as a rule, the natural pro¬ 
perty of every ovum to resist such impregnation, and this resistance 
IS only overcome when the vitality is diminished by keeping the ovum 
in water, or by other moans. 

We have thus far examined only how far the stalencss of the sexual 
cells affects the number of normally developing blastulsB, Does it 
have any more permanent effect, and do the larvro developed from 
stale proflucts differ either in form or size from those developed from 
fresh products 1 In the paper just mentioned, a few experiments upon 
this subject were recorded, and these showed a very distinct effect to 
be produced ■ but as they wore not very numerous, no groat stress was 
laid upon them. They have since been repeated, and sufficient con¬ 
firmation of them obtained. The method of experiment wiis, us usual, 
to mix portions of the liquids containing the stale or fresh ova and 
sperm, and then, after an hour, pour them into jars containing aliout 
litres of sea water. Those jars were kept in a tank of running soa 
water at a practically constant temperature for eight days, and the 
larvae were then killed by the addition of corrosive sublimate, and pre¬ 
served in 80 per cent, alcohol. They wore then mounted in glycerin, 
and measured under the microscope in groups of fifty, by means of a 
micrometer oye-pieco.t In a complete experiment, five senes of mea¬ 
surements had to be made, viz.: (1) of the normal larvae obtained 
from the fresh ova fertilised with fresh sperm, (2) those from stale ova 
and stale sperm, (3) from stale ova and fresh sperm obtained from 
another freshly opened Echinoid, (4) from fresh ova and stale sperm, 

• • PhiL Tnu« / B. 1898, p. 466, 

t For fuller detuli of the methoJ, md# ' Phil. Traas.,' B, 1895, p. 677k 
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{6) and, lastly, those from the ova and sperm of the freshly opened 
Echinoids. It is of course impossible to get an exact basis of com¬ 
parison for the larvas obtained from one stale and one fresh sexual 
product. The best possible is to take a mean between the size of the 
original normal larvee and that of the larvae obtained from the fresh 
sexual products used foi fertilising the stale products The larvae 
obtained with both sexual products stale are of couise accurately com¬ 
parable with the original normal lai 

In the accompanying Uble are given tlie mean percentage differences 
in the size of the larvje obtained with ficsh and stale proflucts, from 
the original normal larvaa ui the one case, and fiom the mean between 
the original and the fresh normal larvie in the other two cases. The 
actual body length measurements of the original noimal and fresh 
normal larvre are also given, these being m niicromclei eye-piece scale 
units. 


Furlili^ation nmiU’ aittr 


CoTidihun of Koxual 


cells. 

] 





0 lir4 1 

24 hn 

33 hr? ' -lohrs 1 24lirM. 

1 84 hrs. 

Stale V, stale ^ . 

-0-2 1 

+ 1 9 

4 1-1 1 9 ,-3 6 

! ml 

Fresh $, stale ^ 

+ 7*1 1 

+ 3 7 

+ 10 9 1+15 +3 9 

- 2 7 

Stale ? , fresh 

-2-8 i 

-3 U 

+ 20 j-15 9 -6 2 

1-18 0 

Bodv length of normal 

larvA. 

29*91 1 


' .. j 3072 


Body lonath of frosli 

I 

26 -12 { 


1 


ngixnal lan'se. 

30 59 

25 85 30 34 |1 30 09 

31 01 


In the first group of observations given in the table these series of 
measurements were repejited after keeping the scxiul products respec¬ 
tively 9, 24, 33, and 46 hours. When both the sexual cells Avere stale, 
it may be seen that the size of the larva3 avhb only slightly, if at all, 
affected, the average variation fiom the original noimal larvie being 
only 0’2 per cent. With fresh ova and stale speim, on the other hand, 
the larvae were considerably increased in size, even those obtained 
with sperm forty-five hours stale being slightly larger than the mean 
normal. With stale ova and fresh sperm, there was in three out of 
the four experiments a distinct diminution in the size of the larvss, 
this amounting to no less than ]5'9 per cent, m the case of the ova 
kept forty-five hours. This experiment thus affords a most satisfactory 
confirmation of the conclusion tentatively put forward m the above- 
mentioned paper, t.e., it shows that whilst Imtke obtained fem stak ova 
and stale sperm are of the same me as those obtained from fiesJi sexual 
products^ those fiom fresh ova anti stale sperm are dxsiimily larger than the 
normal^ emd Hum from stale ova and fresh sperm distinctly smaller. 
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cent. If, then, with a particular seariirchin a third of the ova did not 
undergo fertilisation till some twenty hours stale, whilst another third 
underwent fertilisation by twenty hours stale spermatozoa, and only the 
remaining third underwent fertilisation at once by fresh spermatozoa, 
then the probalde error of variation of all of the larva? so arising would 
roughly speaking be doiible<l. Of course this is an extreme instance, 
which could never occur m the case of Echirioids, but might easily 
occur m the Ciise of, for instance, man. Whether the variations so 
produced would be in any degree transmissible by inheritance, is quite 
another point, but supposing it to be only the size of the oifspiing 
which 18 thus influenced, it may be merely a question of varying 
degrees of nutrition, and so bo directly transmissible. In any case, 
whether inheritable or not, variation of itself may be in many cases 
of value, as it may give a lietter chance to natimil selection and other 
agencies of picking out those individuals more adapted to their en-* 
vironment, and rejecting those less adapted. Thus, if all the individuals 
are nearly alike the evolutionary process must needs he exceedingly 
slow 

Fuially, these results are of interest in that they prove the inequality 
of the sex cells. The diminution in the size of larvae obtained from 
stale ova and fresh sperm may perhaps be looked upon as one of 
diminished nutrition, the result of the staleiiess of the yolk, but it is 
difficult to imagine why the stalencss of the spermatozoon used to 
fertilise an ovum should produce a larva larger than the normal, unless 
one holds that the part played by the sex cells differs in some essential 
particular. 

Simiimi y. 

The following are the chief conclusions arrived at in this paper;— 

(1) If the ova and sperm of the Echinoi<l SftoH^ftjhitrnhottts hvulus be 
kept for various times in sea water before fertilisation, then for about 
‘the first twenty to twenty-seven hours the number of normal blastulee 
formed diminishes only about 1 per cent, per hour. After this ab¬ 
normal development sets in rapidly, so that generally after a further 
nine hours or so, no blastulse at all are obtained. The rate of falling 
off in the number of normal blastulse may increase to as much as 18*9 
per cent, per hour. 

(2) If ova not more than twenty-seven hours stale be fertilised 
with equally stale sperm, practically as many blastulte are obtained 
as when stale ova are fertilised by fresh speim, or fi'esh ova by stale 
spozm. After twenty^even hours, however, the zmmber of blastulffi 
obtained with both products stale falls off more rapidly. 

(3) Larva? obtained from stale ova and stale sperm are of praotioally 
the same size as tho$e from fresh sexual products, but those from fresh 
ova and stale sperm kre distinctly larger than the normal, whilst those 
from stale ova and fr^ sperm are distinctly smaller. 
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“ On the Influence of the Temperature of Liquid Hydrogen on the 
Geminative Power of Seeds ” By Sir Wiijjam TffisKLXON- 
Dykr, KC.M.G., C.I.K, FKS, Director of the Royal Rotanit* 
Gardens, Kew. Received Septeinl>er 28, 1899. 

The * Comptoa Rendus' for August 28 (p. 434) contains a communi¬ 
cation from Professor Dowar to M. Henri Moissan, “relative k la 
solidification de Thydrog^ne."’ It concludes with the following sentence, 
which may be easily overlooked,—“ Des giaines refroulios dans de 
ITiydrogfene liqiude consei^^ont toute la proprn^t^^ do germor ” 

This is the first announcement of an interesting experiment in which 
Professor Dewar did me the honour to ask mo to iissist him. He has 
further suggested to me to put on record the facts, as far as they came 
imder my observation, and any physiological < onclusions to which they 
seem to point. 

With this suggestion I have no alternative but to comply. Botanists, 
will naturally expect some more detailed account than is contained in 
the brief announcement which I have (|Uoted. But as my share in the 
research has l>oen of the smallest, I should have much preferred that 
Professor Dewar should have given the result of the whole investiga¬ 
tion himself. 

When Professor Dewar first suggested the experiment to me, he 
pointed out that it would be a costly one, that it would only be possible 
to operate on very small quantities of seeds, and that the numlier of 
kinds must also be few. 

The dozen seeds experimented upon by Messrs. Brown and Escombe, 
which were submitted to the temperature of liquid air, were apparently 
selected as belonging to difierent natural families, and also in some 
degree as to their composition.* My choice was much more restricted. 
I took two out of their list for the sake of comparison: Barley and 
vegetable marrow. I added wheat, which had more than once lieen made 
the subject of experiment. This gave me two farinaceous seeds and one 
oily one. I then took shape and bulk into account. Wheat and 
barley are roughly ellipsoidal and medium in size. The vegetable 
marrow is relatively large but flattened. I therefore added another 
oily seed, mustard, which is small and spherical. I followed Messrs. 
Browne and Escombe in taking a pea, which is also spherical in shape 
but nitrogenous in composition. Finally I sought a very minute seed,, 
and pitched upon musk. 

The list then ultimately stood:— 


• ‘ Boy. Soc. Proo.,' vol, 68, p. 161. 
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Bramca alba, 

Pimm mtivnm, 

Cururbtta Prpo, 

Mtmahts tnosrha(V'>. 

Tniieum sntmm, 

Hmihaui rniijorv. 

The n(‘\t point seemed to bo to eliminate the source of on or which 
might arise from defootive germinative powei*. I therefore communi¬ 
cated the list to Messrs. Sutton and Sons, of Reading, and asked their 
asfeistiince With their invariable kindness in any scientific enquiry, 
they willingly complied, and sent the samples required with the follow¬ 
ing report •— 

“ We now have pleasure in sending a packet of each of the seeds 
you name They are all of last ycar*8 growth, and of good germi¬ 
nation. 

“For your infomation we append the germinations arrived at by 
our tests made in March last of the \ariou«t parcels from which these 
samples are taken. 

“We have no doubt that each gram of wheat is a germinating seed, 
as specially fine seeds have been picked out 

“In the case of musk a good growth was obt^iined, but the gcimina- 
tion was not counted 

“Germiimtioiib — 


Mustard . 

100 per tent 

‘ Bountiful * poiib 

100 

Vegetivble marrow 

96 „ 

Musk 

Good. 

Wheat . 

96 „ 

Barley. 

. 100 „ 


I forwarded the samples (which were small) to Professor Dewar, and 
suggested that they should be each divided into two portions, one for 
a control experiment under ordinary conditions, the other to be 
returned to mo after being subjected to cooling. Owing to some 
misunderstanding, this was not done; but, as will be seen in the 
result, the omission proved immaterial. The seeds, it should be stated, 
were simply air-dried: they were onlinary commercial samples, and 
no attempt was made to further desiccate them. 

I pointed out to Professor Dewar the advisability of exposing the 
seeds to extreme changes of temperature as gradually as possible, a 
precaution which Messrs. Brown and Escombe carefully observed.* 
He promised “ to consider what can be done to avoid any disaster 
irom this cause.” 

• Loc, crt., p. 161. 
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On July 21 he wrote to me:—“In bpite of the weather I have 
carried out my promise, and cooled some seeds in hqui<l hydrogen for 
half an hour. I had to seal them up m a glass tuhe, cool first in 
liquid air, and then transfer to the hydiogen. They have, therefore, 
been cooled to - 260" C., or - 252 C, while being in a vacuum 
^seeing the air left ha<i no appreciable tension). The seeds, in other 
words, have been transferred to a condition resembling that of moving 
through space. Another sot of the seeds have been cooled only in 
liquid air for comparison.” 

On July 22 he a<lded, on returning the seeds — “ There can be no 
doubt about the seeds being cooled, us they wcie in the b 3 .drogen foi 
more than an hour. In fact I used tieaily GOO c c ot litpiid li 3 <lio- 
gen.” 

The seeds came to me m the small packets of tmfoil in which they 
had been placed in the tube. On opening these it was ()l)served tliat the 
seeds wore as fresh and bright as befoie being bub]octed to the treat¬ 
ment. There was not the slightest discolor.itiou observable in the 
green tint of the peas. This practically disi>oaed of the only anxiety 
which Professor Dewar felt to the success of the ex 3 >cnmeut, and 
expressed to me on July 25 :— 

“ My own impression is that unless thesiulden vacuum caused by the 
liquid hydrogen cooling has produced physical rupture of the seeds, 
they will germinate as usual. If they survive this aw ful strain, then 
I believe no increase of the time of cooling could produce any effect 
other than results from one hours exjiosure to such scveio cold.” 

The seeds were sown in a cool greenhouse, without heat, on .Inly 27. 
On August 1 they had all germinated In the cabO of the mnstard, 
136 young plants were produced from 155 seeds; the remamdor had, 
however, germinated, but the Hee<lling8 had damped off. One of the 
packets of wheat, for some reason, germinated slightly more slowly 
than the rest. 

On August 5, I received a further packet of the seeds (the musk 
excepted) indiscriminately mixed. Professor Dewar wrote the same 
date:—“ I have sent you seeds to-tlay which, if the treatment with 
cold can kill, ought to bo dead. They have been immersed in liquid 
hydrogen for upwards of six hours, and no attempt was made to 
graduate the cooling. They were placed m the vacuum vessel into 
which the liquid hydrogen could drop from the apparatus, and hod to 
take their chance. The seeds have been soaked in liquid hydrogen, 
and in this respect differ from the last that wore cooled m a vacuum 
from being sealed in a glass tube.” 

In this instance again the seeds did not show the smallest visible 
trace of the ordeal to which they had been subjectetl They were 
sorted out and immediately sown, under the same conditions as before. 
By August 9 the seeds had all germinated without exception. I com*. 
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miinicated the result to Professor Dewar, and he informed me, 
August 15 —The temperature Fahrenheit to which the seeds were 
cooled was - 453" F. below melting ice.” 

These are the details of the experiment. As it is not likely to bo 
often repeated, I have thought it worth while to place them on record 
as precisely as possible 

The first question that suggests itself is, what evidence we have 
for believing that the seeds have actually been brought to the almost 
inconceivable temperature with which they were surrounded. That 
they were so brought, Professor Dewar himself has not a shadow of 
doubt. That substances at widely extreme temperatures can remain 
in juxtaposition at least for some time, and still maintain them, is 
illustrated by a striking experiment shown hy Professor Dewar at the 
Royal Institution on April 1, 1898. Liquid air poured into a large 
silver basin heated to redness, remained apparently as quiescent at 
this high temperature as in cooler vessels, and maintained a spheroidal 
condition. This is well understood. But the fact remains that liquid 
air with a temperature of alxint - 190" C. was contained in a vessel 
which had a temperature of 800" C., the difibrence in temperature 
between the two being 1000" C. 

If we tuni for a moment to the effect of heat on living structure, 
we know that a temperature of 75" C, is fatal to all protoplasm, 
because at that temperature its proteids are coagulated. Yet there is 
good evidence for the fact, that seeds have been exposed for pro- 
longed periods to a temperature above 100" C., and yet have sub¬ 
sequently germinated. It may 1>6 taken as absolutely certain, that in 
this case that temperature never reached the embryo, but must have 
been intercepted by the imperfect conducting power of the seed-coats. 
Cohn again has found that the spores of Bacillus subtilis survive pro¬ 
longed boiling,* and a similar observation applies. 

It is probable that plant structures are deficient in thermal trans¬ 
parency, and they are notoriously indifferent conductors. Nevertheless 
it is difficult to believe that in #he case of such small bodies as seeds, 
their being brought to the temperatiu'e with which they are surrounded 
can be more than a question of time. 

That the thermal opacity of at least the seed-coats, may be really 
considerable is not, however, impossible, even at low temperatures. 
The following remarks by Professor Dewar have an obvious bearing 
on this point:— 

“Pictet, after an elaborate investigation, concluded that below a 
certain temperature, all substances had practically the same, thermal 
transparency, and that a non-conducting body l^ame faieffectire at 
low temperatures in shielding a vessel from the influx of heat. Ex¬ 
periments, however, prove that such is not the case, the transference 
* Sco yiu 0 *i * Physiology of Plants/ p. 3883. 
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of heat observed by Pictet appearing to be duo, not so much to the 
materials themselves, as to the air contained in their interstices. 
Good exhaustion in the ordinary vacuum vessels used in low tempera¬ 
ture work, reduces the influx of heat to one-fifth of what is conveyed 
when the annular space of such double-walled vessels is filled with 
air.”* 

It is to be noticed that in Professor Dewar's first experiment, the 
seeds were practically in a vacuum. It is obvious from what has been 
quoted above, that this would help them to retain their heat. Any 
hesitation in accepting the results of the experiment on this ground 
is however swept away by the second oxpeiinient in which the seeds 
with absolutely no protection at all, were attually soaked in liquid 
hydrogen for six hoiu's. The extremity of caution can hardly resist 
the conclusion that they must have been brought to the same tem- 
poraturo. 

Professor Dewar finds “that silica, charcoal, lampblack, and oxide 
of bismuth, all increttse the insulation to four, five and six times that 
of the empty vacuum spice.” It might possibly be worth while to 
try how far a packing of small an-dry seeds would compare, say with 
charcoal. And this would in some degree bo a measure of the thermal 
transparency of seed stnictures. 

Professor Dewar suggested to me that I should supplement this 
statement by some remarks on the physiological bearing of the ex¬ 
periment. This has already been discussed by Messrs Jirown and 
Escombe, and there is perhaps little of moment to add to their con¬ 
clusions. 

The real interest of the whole investigation obviously lies in the 
question how far it modifies our conceptions of the nature and pro¬ 
perties of living matter. Protoplasm, whatever its source, has physical 
properties and an ultimate chemical composition which arc practically 
uniform. This uniformity, howxver, overlies a jioteiiiial diveisity 
which is not to bo measured Such diversity cannot be accounted for 
by any purely physical conception^ as physical conceptions are 
understood. 

Wo not merely know the ultimate constitution of protoplasm, but 
wo also know a good deal about its proximate constitution. Yet the 
properties of living protoplasm are very far removed from the mere 
sum of those of its constituents, and no light can he derived with 
respect to them in this direction. And what wo know about the con¬ 
stituent bodies themselves is at present not a little obscure. They 
belong, as it were, almost to the fringe of possible chemistry and 
almost elude the methods of chemical research. But they, complex as 
they are, are not themselves protoplasm. Their cumbrous molecules 
ai^ built up and broken down by ordinary chemical processes. They 

• « On Iiiquid iir u an Analytic Agent,” * Roy. Init / Apr. 1.1808, pp. 7 and 8. 
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are not in themselves, in any intelligible sense, living though essential 
to the exhibition of vital phenomena. 

There our analysis of living matter by physical methods for the 
present stops. But we are justified in pushing, at any rate, semi- 
physical conceptions as far as we dare. We conceive, therefore, the 
physiccal constituent molecules of protoplasm as aggregated into larger 
molecules which, as they are unlike anything we know as purely 
physical, wo call physiological.* Of the properties of such molecules 
we have some faint conceptions. The first is their instability. They 
are Imeiic y “living substance is continually breaking down into 
simpler bodies, with a setting free of energy; on the other hand living 
substance is continually building itself up, embodying energy into 
itself, and so replenishing its store of oncigy.” t This kinetic condi¬ 
tion IS essentially life; when it ceases, we have hitherto believed that 
the conslituonts of protoplasm come under the sway of purely inorganic 
conditions. 

If wo pause for a moment to attempt a quasi-mechanical explana¬ 
tion of the more dovelopeil phenomena of living organisms, such for 
example as are included under heredity, wo are led to suppose that 
the physiological molecules may themsehes bo grouped into larger 
aggregates. And each stigo of aggregation introduces us into a new 
Older of phenomena All that wo can say is, that beyond the first 
stage the properties which arc charactoiistio of higher molecular aggre- 
gratos, are ultra-jihysical, taking physical in its ordinary significfition. 
That does not imply, however, that physical coiubtions are ever in 
abeyance. Each stage of aggiegatiou is conditioned by every one that 
precedes it In this sense life lests an Joml on a physical basis. 

A continuous kinetic condition appears to he one distinctive pio 
porty of physiological molecules. This not niei ely manifests itself in 
continuous chemical activity, but under appropriate conditions in actual 
visible motion. And it is to be icmarkod of the former, that though 
chemical in kind, it is undoubtedly ultra-chemical as chemistry is under¬ 
stood in the lalioratory. A fuAher charactcnstic of the physiological 
molecule is that it possesses the power of breaking up chemical combi¬ 
nations and reuniting their cuiistitucnts in a way which absolutely 
eludes the methods available to the chemist, and entirely outstrides 
the pace at which he can proceed. There is the same kind of difference 
iHstweon the two methods as there is l>etwoon arithmetic and the cal¬ 
culus in the solution of a mathematical problem. 

The question then is, how far the effects of Professor Dewar’s experi¬ 
ments and of those who have procodorl him in the same field, require 
us to modify our conception of the physiological molecule. Are wo 

• Identical with Foeter’a *' icmacula," * Text*book of Physiology,* Part J, Bth ed., 
p. e. 

' t Foster, loc. oit^ p. 41. 
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obliged to admit with Professor C. do Candolle and Messrs. Brown and 
Escombe that it may descend to a purely sfaiir condition 1 

This IS really bound up with another question The kinetic condi¬ 
tion depends on the constant lilieration of energy by chemical change. 
Of this the most important is that duo to oxidation. But we now 
know that this is not the only souice of energy in living matter, or in 
all cases the indispensalUo ono. The late Dr Romanes showed that 
neither a high vacuum nor sulfeequuent exjiogurc for twelve months to 
absolutely mditferont gases, such us hydrogen or nitrogen, or even 
poisonous ones such as hydrogen sulphide, h;«l any effect on the gcr- 
minativc power of seeds. Professor Pfcffer has, however, informed mo 
in conversation that an injurious effect is ultimately produced. 

Vital processes have their optimum point as regards teniporaturo 
Their suporioi limit for the icason already ])oiMte<l out is tolerably 
sharp; but the inferior is by no means equally so According to 
Boussingault the decomposition of caibori dioxide by green plants 
may take place nearly *at 0 ’ C.* Below the optimum there is then some 
evidence of a ** slowing down.” While some processes roach tlioir 
limit, can we assume that all do ? 

The question would be peiemptoiily answered for us hy those 
who assert that all chemical action is in alicyanco at such temperatures 
as I am discussing. Photographic action still takes place at the 
temperature of liquid air, though this may be due to jdiosphoi escence. 
But a jet of hydrogen will burn in il. 

Messrs. Brown and Escombe sum up the two methods of explaining 
what has been called “ dormant vitality ” with sufficient accuracy m 
their paper. Accotding to the one view, metabolic and its resultant 
kinetic activity is “ slowed down ” indefinitely. In such a case as now 
described, it might bo said that this takes place along an asymptotic 
curve, continually approaching Imt iicvei bccommg equal to zero. 

According to the other, pioUiplasm passes altsolutely from the 
kinetic to the static condition. Its lockod-up energy becomes purely 
potential, and Professor C, do Candollqhas not hesitatod under those 
circumstances to compare it to an explosive. 

It has been pointed out that such a conclusion is absolutely in con¬ 
flict with Mr. Herbert Spencer’s well-known tlcfinition of life. But it 
appears to me that that definition was only intended to apply to 
higher stages of the aggregation of living matter than that of the 
physiological molecule on wdiich I have endeavoured to fix the discus¬ 
sion. The question seems to me to bo aimpl 3 ^ whether it is admissible 
to regard that as capable of being brought to an absolutely static 
condition. 

Conceive two such molecules, one known to be living, but static, 
and the other dead, and both to be maintained in a condition in which 
• Sa«ili8, * Text-book,' 2iid ed., p 729. 
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they arc not immediately siiRcoptiWo to chemical change. What is the 
criterion of life 1 There is nc»iio. It seems to me then that the question 
I have propounded does not acimit of any positive answer in the present 
state of our knowledge. 

A problem, perhaps somewhat scholastic, which once vexed the souls 
of biologists was •—Wliether life was the cause of organisation or 
orgauisatiou of life. What is to bo our answer if our starting point is 
no more than a possible “explosive”? 


“ Effects of Thyroid Feeding on Monkeys ” By Walter Edmunds. 

Communicated by Professor ,T. Bosk Buadfoud, F.RS. 

Received September 28, 1899. 

(From tlic laboratory of tlio Brown Institution ) 

The experiments were made altogether on nine monkeys; from 
them, however, it would l>o safer to exclude throe. two Iwcause patho¬ 
logical conditions were found in their liuigs after death, and one 
boc;ui8C the animal died in so short a time (seven days) after the com¬ 
mencement of the treatment. 

There remain then six experiments for consnleration. 

The thyroid preparations administered were either a powder made 
according to the directions of Mr, Edmund White, or thyrocolloid 
prepared by the method of Dr. Hutchison 

The doses given wore large and corresponded to from one-half to 
three sheep's thyroids (both lobes) to a monkey daily. 

Marked effects wore produced by this treatment: the eyes became 
abnormally prominent; the monkeys lost flesh, became weak, and 
eventually die<l. 

The symptoms pioducod may be tabulated as follows : (1) Proptosis, 
(2) dilatation of pupils, (3) widening of palpebral fissures, (4) erection 
of hairs on head, (5) hair falling out in patches from various parts of 
the body, (G) paralysis of one or more limbs, (7) emaciation and mus¬ 
cular weakness, (8) death from asthenia 

With respect to these symptoms, proptosis, dilatation of pupil, 
widening of the palpebral fissure and erection of the hairs on the head 
are effects which are produced by the stimulation of the cervical sym¬ 
pathetic. 

As the chief object of these experiments was to determine as to 
exophthalmos, sketches were made of the monkeys before commencing 
treatment and also after ; eye changes occurred in all the six monkeys, 
and of four of them sketches exist showing these changes; in two it 
was not practicable to obtain the second sketches, but there was no 
doubt about the eye changes in these also. 
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Effects of Thyroid Fecdmj on Moi)keys, 

Exophthalmos, after the administration of thyroid preparations, has 
been observed before. B^cl^ro, in a ease t»f myxfFdema in man in which 
excessive doses of thyroid were given by mistake, noticed amongst 
other symptoms ascertain degree of cvophlhalnios. Ballet and 
Knriquot, in one of six dogs which weie f(sd on thyroids, fouml dis¬ 
tinct exophthalmos. Cunningham also obtained this symptom in 
rabbits and monkeys. 

As the eye changes can be produced by stimulation of the cervical 
sympathetic, it sconia reasonable to infer that thyroid extract acts in 
the same manner, and also that the increased secietion of the enlarged 
and altered thyroid of Graveses disease is in part at least the cause of 
the exophthalmos that occurs in that affer tion 

The falling out of the hair in patches diul its loosening generally 
were common symptoms, and v\eio seen in .dl the nionkeys 

As to paralysis, in two of the e\pei iiiicnts the hind limbs became 
paralysed ; in one of these cases the tioatnient was stopped to see if 
any improvement followe<l, but it did not, iiiirl the animal died in a few 
days. In another oxperiTnent both aims Ijecamc paialyscd, this 
passed off in two days without the tioatnient l>eing stopped 

These paralyses have also l»con noticorl befoio Boclt^io, in tlie patient 
referred to above, found one day homijilegia with /iphasia and homi- 
anwsthcsia, all of which ilisappeared in a few houis In thyronlless 
monkeys, Horsley has twice seen a complete hemiplegia, following an 
attack of clonic spasms, and [wssiiig olf in a day or so fn one of my 
thyroidlcss monkeys a temporaiy paiosis of one rinii occuiiod. 

The symptoms of loss of flesh and mus( ular weakness oc(un’otl in 
all the expeiiments, and in all too the animal <lied, at peri'xis \aiying 
from forty to 116 days from the commencement of the treatment 

In two cases the feeding was stopped, but only when the s^mjjtoms 
were well marked j there was no inipiovcnient, and the animals died. 

The main concliihion arrived at is, that in monkeys thyroid feeding, 
if large doses are given, produces exophthalmos 

ilKFiiKE>ChS. 
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On the Orientation of (rreek Temples, being tlie Eesnits of some 
Observations taken in Greece and Sicil^ in the month of 
May, 1898 ” By F C. Pknrose, M A , F.K.S., F.R I.B.A., &c. 
Received May 5—Read June 15, 1899 * 

The daheium 'neat Thebes. 

iVfy observations taken in 1892 were confirmed, and consequently 
the doubt which a corrospondent at Athens hail thrown upon the 
onentiition of that temple* may l )0 dismissed. 

(htffevh 

For the orientations of the temples at Girgenti,t I had relied on 
some observations taken in 1885 by moans of the sun’s shadow and a 
plumb line, checked by data, given by various authoiities. This year, 
in the case of three of the temples, I was able to remeasure them by 
solar obsoivation with a theodolite, and also to obtain correctly the 
altitude of the eastern hoiizon, as seen from each of the temples, with 
the following results, viz..— 

The oiientation angle of the Temple of Juno should l>o 262’ 36' 
instead of 264°, and the sun’s altitude when surmounting the eastern 
honzon should lie 1° 45' instead of 0° 35'. The elements as recomputed 
are as follows, viz.:— 


Girgenti. Latitude 37" 18' 36". 


Name of 
temple. 

Orienta¬ 

tion 

ufigle 


Stellar 

elements. 

Solar 

elements 

Ifame 

of 

star. 

Tomplo attri* 

262" 36' 

A, amplitude of mtar 

+ 10°33'E 

+ r 24'E 



buted to 


or Huu 





Juno Lueina 









B, eorresponding alti¬ 

8° 30' 

1 4G 


bC 

a 



tude 







C, decimation. 

+10° 15' 

6 49 





D, hour angles. 

O'- 14“ 

7^ 21"* 


S 



K, depression of sun 

— 

IP Sif 


e 

c 



Mheu star heliacal 




-<1 



F,RA.. 

23° 66' 

11. 8ra 


s 



, approxmiate date. • 

490 B.o. 

Ap 6 

• 




This amended date of the temple’s foundation falls within the 
Hellenic occupation of the site, and very neatly at the culminating epoch 

• Seo ‘ Phil TraUB,* A, vol 190, 1897, p 46 
t Same vol, p 55. 
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of the city’s prosperity. If the sun’s depression had boon taken at 
ir, the date would have been about 440 B.c. and if at 12“ about 640. 
The depression at 11® 30' seems to accord best with the practice used 
in temples of comparatively late foundation * 

The Temple of Hercules, 

I found that the orientation angle of this temple agreed very closely 
with that previously given, but that the eastern horizon was higher, 
namely, 2® instead of 0® 35'; but if the solar depression be changetl 
from 11® to 11® 64', the result of the calculation will he the same, and 
the stellar elements and the date will remain unaltered. 


The Oli/mpmaui, 

I found that the orientation angle of the temple of Jupiter should 
be increased from 257® 35' to 258" 44', whilst the altitude of the 
eastern horizon has to be increased from 0 ’ 35' to T 55'. This will 
neutralize the effect of the alteration of the amplitude, and the stellar 
elements and the date (430 b (^) will remain unaltered. 

I obtained one additional example from an ancient site in Greece, 
namely, the Temple of Neptune at Calauria in the Isle of Poros; the 
scene of the last days of Demosthenes, who had chosen it for his 
place of exile on account of its commanding a view of his much loved 
Athens from the lofty ndge on which the temple was built. The 
elements of the orientation are as below 


Calauria Latitude 37® 31' 30". 


Name of 
temple. 

Orienta¬ 

tion 

angle. 


Stellar 

elemoutn. 

Solar 

elemontB 

Name 

of 

Biar. 

Temple of 

24r 6 ' 

A, amplitude of star 

+ 26' ID'S 

^-24''63'K 



Neptune 


or sun 







B, rorre'fpouding iilti- 

+ 3'^ 0' 

0 





tude 







C, deoil nation. 

+ 22 ° 

+ 19" 30' 





1>, hour angles. 

(jh 57111 

gh im 


1 



J£, deprenKiou of sun 

— 






when star heliacal 




H 



K, R A. 

7“ 23 "* 

gii 27 "* 


s 


• 

G, approximate date.. 

960 B c. 

July 27 




In the list of temples given in the same volume, viz.: Vol. 190, 
p. 66, wore ton examples of comparatively late date, and of most of 

* See p. 65 of toI. cited. 
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Athens. Latitude 37° 58' 20". 


Name of 
temple 

Orienta¬ 

tion 

angle. 


Stellar 

elements 

. . _ a 

Solar 

elements. 

Name 

of 

star 

Thesoum .... 

283" 0' 

A, amplitude of star 

-1" 7' E. 

-10° 46'E 

■> 



- 

or Niin 







B, corresponding alti. 

6" 30' 

6° 6' 


bfi 



tude 







C, dwlinatiou. 

+ 2° 30' 

-s" ir 


. ^ 1 



D, hour angles . 

5h 42"! 

7** 12™ 


r g" 



K, depression of sun 

— 

17° 30' 


P4 i 



when star helin<.'al 




QO 1 



F, KA. 

llh ipra 

12*' 49™ 





G, approximate date 

470 H C. 

Ooc 6 



New ErcfU- 

265" 9' 

amplitude of star 

+ 6' .30' E 

+ 7" 20'K 


1 

theum 


or sun 







J3, eorrCKponding alti> 

i" 0' 

3 " 25' 


? 1 



tudo 




t \ 



0, declination ...... 

+ 10° 35' 

+ 7" 34' 





D, hour angles. 

6** 13™ 

7h 


■J 1 



K, depression of sun 

— 

12" 


c j 



when star heliacal 







F. R A . 

23^ 58™ 

ih n. 


e 



G, approximate date 

415 B c 

April 9 

j 

_ 

Now Kredi- 


A, umphtudo ot star 

+ r 63'w 

+ 7" 30'K 

'1 i 

theum con- 


or sun 




bO 1 

tinuod 


B, corresponding alti¬ 

3" 0' 

3" 25' 


B 1 



tude 







C, doclmation . 

+ 3° 20' 

+ 7" 31' 


« 



I), hour angles. 

G** 55™ 

7** 60™ 


I* I ■ 



E, dcproHsion of sun 

— 

14" 6' 


&o , 



when star In'liaeal 


i 1 


^ 1 



F, B \. 

21** 3™ 

10** 49” 


e 



(>, approxiiiiato date 

150 B c 

Sept 2 

■J 

j 

New temple 

265'^ 49' 

A, umphtudo ol star 

+11" 8' E 

+ 14" 11'eI 

> 

1 

of Bacchus 


or sun 





adjoinmg the 


B, currospoiiduig alti¬ 

3" 60' 

3" 10' 


3 

earlier temple 


tude 




s ^ 



C. decimation. 

+ ir 8' 

+ 13" 7' 





D, hour angles. 

b** 16™ 

8** 20™ 


rS 1 



E, depri'ssion of nun 

— 

17° 22' 





when star heliacal 







F, B A . 

0** 4" 

2** 8™ 


e 



G, approximate date 

340 B 0 

Apnl 23 

J 


Now temple 

270" 

A, amplitude of star 

-1° 13'W 

0"E. 



of Jupiter 


or sun 


* 



Olympius 


B| corresponding alti¬ 

3" 

4" 31' 





tude 







Cf decimation. 

+ 0 " 62' 

+ 2° 46' 





B, hour angles...... 

6 ** 48* 

7** 6 - 





£» deproMion of sun 


11 " 





when star heliacal 







F. B.A.1 

11** 83« 

36™ 





G, approximate date j 

174 B.o. 

March 27 
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EpfacBUB Latitude 37" 56' 30" 


Nauio of 
temple. 

Orienta¬ 

tion 

angle* 


Stellar 
cl cm out 8 

Solar 
oil ments 

Naum 

ot 

star 

Temple of 

281° ay 

A, ampliliulo of star 

-2 32'E. 

-11" O'R 

1 

Diana ax re- 


or Huu 





built after 


B, correBjionding nlti- 

0" 

4' 65' 


bo 

tho ftro 


tude 




5 



r, declination .. 

H-r t2' 

-5” 35' 


s 



D, hour auglcM 

6'> 35™ 

7** 1"' 


sf 



K, dcprcHsion of nun 


ly* 30' 


0 



w lieu Htar heliacal 




CQ 



F, R A. 

11" 25-" 

12“ 61'" 





G, approximate dale 

35i) B c 1 

Ott 6 




Tu this caso the orientation follows the star, but \Mtb so considorablp an increnst* oi 
omphtudo that it would ha^e been available for many eenturiCH as a warnin^r 
star. 


which the years of their foundation ate at least approvunately known 
historically, and which wore shown to be conforiuciblo to tho gcucial 
rule, but required a dcoiKsr depression of the sun,'lliau was sulhLieiit 
for tho distinct vision of the heliacal star. Of five of these examples 
I had not given tho elements, \u. The Thosouin, the Liter Ercchtheum, 
the later Temples of Bacchus and tlupiLer at Athens, and the gioat 
temple at Ephesus, as rebuilt after tho lire. Ah the cases of some of 
these are very interesting in an archaMdogical point ol view, 1 hcio 
supply the elements in tho same form as before. 

With respect to the temple of Theseus at Athens, it appears to bo 
possible, proceeding from tlie <ipproximato date given by the orienta¬ 
tion work, to arrive at a much closer determination of the probable 
exact year of the foundation (or perhaps rlediuation) of the temple, 
and at the same time to confirm tho traditional name of thtj temple, 
which has l>ocn much disputed What I have (vdled tho tiaditional 
view is, that tho temple was built under tho influence of Cimon, who 
during his supremacy at Athens, m the year 169 oi 168 n (^, brought 
from the Isle of Scyros tho supposed relies of Theseus. The bones of 
the hero were then interred at Atheim with groat solcniiuty, and a 
temple or heroum was built over tho grave and an annual celebration 
was appointe^l, under tho name Thesea, which lasted two or three 
days and commenced on tho seventh day of the month named Pyane- 
psion, a month which on tho whole agrees with our October, but (owing 
to the practice at Athens of commencing tho year with the new moon 
which occurred on or next after tho summer solstice), when we com¬ 
pare the two calendars, and reckon tho days of the month together, 
we find that they only agree together at intervals of 19 years—tho 
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Motonic cycle. It is therefore necessary to consult lunar tables to 
see jn what year or years 7 Pyanopsion would agree with October 6, 
and the nearer to 470 n.c. this can ho, the bettor it would also agree 
with the orientation date. 

The fiist Attic month was Hecatombaion ha\'ing thirty days, in 
gtmoial agiocmont with July. 

Then Medageitmon having twenty-nine days, in general agreement 
with August. 

Then Boediomion having thiity days, in general agreement with 
September. 

After which Pyanopsion. 

The first three months with seven days of Pyanopsion numbers 
ninety-six (Lays. Twenty-nine days of July with August, September 
and SIX of October also give ninoty-six chiys. It follows that when the 
first of Hecatombaion agrees with the third of July, the seventh of 
Pyanepaion will represent the sixth of Octolier. 

This would have happened m 466 BC. and not again until 447. 
Tlio year 466, about throe years sul>scquent to the recovery of the 
Theseian relics, would have given tune for the building of the Naos 
of the temple, if not for its final completion , so that it may well have 
been the year of its dedication. On that year the astronomical com¬ 
bination would have lieeu exact (not but that on any year of the cycle 
the rising siui would have nearly answered the purpose of the 
Thesea celebration, though not quite so perfectly). Of the two years 
above named which woidd have satisfied this condition, the earlier 
seems prefeiable, fiistly on architectural grounds (derived chiefly from 
the gi eater spread of the capiUl of the column, compared with that of 
the Paithonon, which Wits commenced about the later of the two 
dates), and secondly, there is no record of Pericles, who was at that 
time the guiding spint in Athens, having built a groat temple in the 
lower city. If the earlier date be correct, the conclusion appears lu- 
ovitable both from its combination with the Thcsiuii relics in 469, and 
from its connection with the Thesea year after year, that the temple 
has been rightly named by tradition. 

The orientation of the new ISiechtheiim corresponds with two of the 
principal Attic festivals, and also otters a suggestion of the exact year 
of its foundation or dedication. This is not drawn from the vernal 
sunuao, of which I have given elements in combination with a star; 
but from the autumnal return of the sun to the same declination, 
heralded by a Pogasi, which took place, touching the northern edge of 
the ousterii incolumiuum on September 2, and parallel with the axis 
oil September 7. In the year 447, when the 2nd of September would 
have agreed with the 2nd of Boedromion, and the 7th September 
with the 7th of the same month; the former date would have 
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been that of the groat feaat of the Nicetoria in honour of Minerva’s 
contest with Neptune for the protectorate of Athens, and the other, 
the annual celebration of the Marathon victory. 

As respects the year 447, which is one year earlier than the supposed 
commencement of the Parthenon, it seems appropriate because at that 
time Pericles would have Ijeen supreme* and it is likely that a temple 
of such sanctity as the Erechthenm would have called for his eailicst 
attention. It is true that the temple remained long mifinished, but 
of the causes of this delay wo are ignorant. The connection however 
of the orientation with the feasts above incntionod would have been 
exactly the same if the date bad been 428 

The apparent discrepance betw oen the orientation <lato (as respect 
the day of the month) in the case of the Temples of Jupiter Olympuis, 
and that which is supposed by Mommsen to have boon the day of 
the celebration of the great feast to the supremo god (namely 
Munychion 19, the tenth month of the year, which in a general way 
corresponded with April), whereas the orientation dates give for the 
earlier temple March 30-31, ami for the later March 27, is explained 
by the possibilities of the Metonic cycle, for when the Attic year 
began as it would in its course on July 11, the 19th Munychion 
would agree with March 30, or if July 8 with the 27th of March. 
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§ 1. The present paper deals with magnets employed in measuring 
declination and horizontal force. More than 100 collimator magnets 
of English make have been examined at Kew Observatory, and the 
record of the results forms probably a unique mine of information. So 
far as I know, the only use hitherto made of this has boon in the com¬ 
pilation of a statistical paper on the mean and extreme values of the 
temperature and induction coefficients by the late Mr. O. M. Whipple.* 

The examination of a collimator magnet at Kew Observatory con¬ 
sists mainly in the determination of certain “ constants.” These are 
the ** temperature coefficients ” q and the “ induction coefficient ” /Jt, 
and the ** moment of inertia ” K. 

The values found for these “ constants ” are utilised in the construc¬ 
tion of tables, intended for reducing the observations of horizontal force. 
After the tables are constructed one or two observations are made. 
Their primary object is to ensure that the application of the tables 
leads to satisfactory results, and that there are no instrumental defects; 
but incidentally they afford the means of determining the magnetic 
moment, m, of the collimator magnet, and also the value of a “ constant,” 
r, appearing in the expression 

2 (1 + Pr“2) 

for the couple exerted by the collimator magnet on an auxiliary magnet, 
moment 7n\ at distance r. The investigations described in the present 
paper have been prosecuted at intervals dimng the last five years, as 
the pressure of other work allowed. Their object has been twofold, V 
to find out whether any relationships exist between the several con¬ 
stants, and 2'’ to ascertain where our present knowledge wants 
amplification, and where the present tests arc least satisfactory. 

I shall first explain the real significance of the “constants,” and 
describe briefly the method of determining them. 

§ 2. Temperature Coefficients .—It is assumed that the magnetic moment, 
/)i, at a temperature of f C., the magnet being free from external force, 
is connected with the moment m at 0” C. by the relation 

m'/m =» . (1), 

where q and ^ are absolute constants for the magnet concerned. If (1) 
^ *Boj. Soo. Froo.,' vo). 26, pp. 218—228, Id77i 


Uncertainties in determination of moment of inertia. 

„ „ torsion. 

„ „ temperature ooeffloienti. 

„ „ induction coeffloiont. 

Atymmetrj in magnets. ^ 

Law of action between magnets. 

Oonoluding remarks. 




Deterrnination of the Earth*fi Horizontal Magnetic Force. 377 

be taken for granted, q and ^ can l)e determined by olwerving m* at any 
three convenient temperaturos. These temperatures, as the experiment 
is conducted at Kew Observatory, he usually within a degree or two of 
0®, 18“, and 36“ C. Magnets, however, destined for Arctic work are 
exposed to a temperatiure below 0“ C, while magnets destined for 
tropical regions are exposed to a temperature over 40“ C. 

The changes of temperature are made rapidly by introducing hotter 
or colder water into a wooden box containing the collimator magnet. 
Changes in the moment of this magnet, accompanying observed changes 
in the temperature of the w\ater, are deduced from the variations in 
azimuth of an auxiliary magnet, freely suspended at a fixed distance 
from the deflecting magnet. In a single experiment, the cycle of 
temperature “ hot,” “ mean,” “ cold ” is repeated three times, and the 
mean of the three observations at each temperature is used in the final 
calculation. It is customary to have two completely independent ex¬ 
periments on different days, and to take the arithmetic mean of the 
values deduced for q and ^ on the two occasions. The exact times are 
noted at which the several readings are taken, and smtable corrections 
are applied from the readings of the magnetic curves for variations in 
the horizontal force and declination. 

§ 3. Inductum Coefficient. —This is denoted by //, and really means 
the temporary change in the magnetic moment of the collimator magnet 
due to unit change in the field (parallel to the magnetos length), it 
being assumed that the relation between temporary moment and 
strength of field is linear 

The experiment* consists in oljserving the angles through which an 
auxiliary magnet is deflected out of the magnetic mondiaii by the 
collimator magnet, the latter being vertical, with its north polo alter¬ 
nately up and down. The vortical plane through the centres of the 
deflecting and deflected magnets is perpendicular to the latter*s axis, 
but the centres of the magnets are not in the same horizontal plane. 

The change in the inducing field being double the intensity of the 
Vertical force at Kew is nearly 0*9 C.G.S. unit. As a rule, only one 
complete experiment is made, but this involves inverting and roinvert- 
ing the magnet several times. Originally /* was measured in British 
Units, so that conversion into C.G.S. units was necessary in many cases. 

§ 4. Mofneni of In&rtia. —This means the moment of inertia of the 
tnagnet and all its appendages, when at a temperature of 0 C., about 
the suspending fibre. A collimator magnet is a hollow steel cylinder, 
about 9-J- cm. long and 1 cm. in external diameter, with screws cut on 
its inner surface at both ends. The appendages consist of two small 
cells, one holding a lens the other a glass scale, screwed into the 

^ A special apparatus is employed whose description would ooonpy nndae space. 
The method is practically that described on pp. 161-3 of Ijamont’s * Uandbuoh des 
Brdmagnetismus.' 


2 F 2 



378 Dr. C. Chree. CoUimatar Magnets and the 

ends of the magnet, and of a brass stirrup arrangement which carries 
the magnet and affords the means of supporting, parallel to it, an 
auxiliary solid brass cylinder. This brass cylinder is a regular geo¬ 
metrical object, whoso moment of inertia can be calculated from its 
weight, length, and diameter. The actual inertia experiment consists 
in observing the times of vibration of the magnet, under the earth’s 
horizontal force, when the auxiliary bar is in the stimip, and when it 
13 removed. To reduce the possible effects of variation in force or 
temperature, four complete series of vibrations arc made, the first and 
fourth without, the second and third with the auxiliary cylinder. 
Allowance is made for the departure of the mean temperature from 0“ Cu 
It is customary to make two independent determinations of the moment 
of inertia, usually on different days, and in the event of serious dis¬ 
crepancy a third experiment is made In all the older experiments 
conversion from British to C O S units was necessary. 

§ 5. Coefficient P.—The meaning of this has boon already explaineil 
generally. I need only add that m the deflection experiment the axes 
of the two magnets are perpendicular, and the centre of the deflected 
or, as it is called, “ mirror ” magnet lies on the axis prcKlticcd of the 
collimator magnet. The general expression for the couple exerted in 
such a symmetrical position, the centres of the magnets being at distanco 

?, IS 

where P, Q, ....are constants, whose values depend on both the 
deflecting and deflected magnets. As r increases, the terms involving 
the higher negative powers of r tend to vanish relative to the first 
term; and in the present case it is assumed that the term involving P 
is the last that need bo retained. When this is true we can detcrmino 
P by comparing the couples answering to any two different values of 
r. The distances originally adopted at Kew Observatory when British 
units were employed were 1 foot and 1-3 foot; the distances now in 
use are 30 cm and 40 cm. For several reasons, I have recorded the 
value not of P but of P//® at 30 cm., allowing in cases where Bntish 
units hod lieen used for the small difference between 30 cm. and 1 foot. 

§ 6. The number of makers of collimator magnets is not large, 
and the differences between the patterns are mostly small. Still 
it seemed undesirable to wholly disregard the differences that 
unquestionably exist Accordingly, in summarizing the results con¬ 
tained in the Observatory records, I have divided the magnets into 
six groups, distinguished by the letters A to F. Four of the groups, 
A, B, G, and £, contain magnets from one maker only, and are presum¬ 
ably fairly homogeneous. Group D is the most miscellaneous, contain¬ 
ing magnets by three if not four makers; group F contains magnets 
from two makers only. 
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Table I gives the mean values of the various quantities specified for 
the several groups; while Table II gives the extreme values. 


Table L—Mean Values. • 



um¬ 
ber m 
group. 






10* X P/r* at 30 om. 

Group. 

ir*£. 

f». 

10*? 

10"2'. 


When +. 

When - 

_ 







■ 

r7 

Num¬ 

ber. 

Moiin 

TalUQ 

Num¬ 

ber 

Mean 

value 


7 

8632 

021 

328 

120 

6*70 

4 

281 

3 

203 


12 

2767 

672 

2.57 

119 

6 03 

0 

_ 

0 

430 


SZ* 

2765 

873 

349 

144 

6 64 

40 

813 

31 

854 


12 

2657 

86i 

302 

131 

6 43 

4 

918 

7 

290 


10 

2520 

837 

349 

166 

7*66 

10 

655 

0 

— 

P 

7 

1667 

633 

360 

139 

3 71 

4 

54.5 

0 

— 

Tutah 

1 










and 

means 

|.180 

2711 

840 

835 

140 

5 85 

62 

762 

1 

50 

361 


Table II —Extreme Values. 


Group. 

ttSK 

m 

10"? 

10«?'. 

H' 

in>xr/r 

When -r 

at 30 cm 

When- 

. Jmtix. 

3741 

1142 

61U 

185 

8 27 

374 

447 

^ \ mm . 

3037 

653 

180 

23 

4-30 

64 

853 

« f max. 

3184 

799 

359 

224 

7 07 


688 

1 mm . 

2334 

481 

211 

11 

5 31 

— 

121 

o/max. 

! 3072 

1116 

764 

312 

6 88 

2520 

1488 

Oimin. 

2183 

462 

107 

19 

4 19 

30 

10 

Ti I . 

2825 

1197 

087 

261 

11 89 

1776 

619 

"imm. 

2352 

506 

105 

51 

4 23 

520 

122 

2 r max. 

2658 

906 

370 

333 

7*79 

1188 

— 

1 min . 

242J 

723 

321 1 

82 

7 02 

173 

— 

TP r max. 

1758 

777 

604 

339 

4 81 

693 


^\mn . 

1600 

431 

273 

35 

2*67 

3Si 



Data were wanting for P in the case of eighteen out of the 130 collima¬ 
tor magnets, and there were no data for K in the case of three magnets, 
all of group C. In these twenty-one cases m was calculated from the 
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recorded value of the angle through which the magnet deflected an 
auxiliary magnet at a distance of 1 foot, that being a quantity deter¬ 
mined in the induction experiment. Old magnets, when remagnetized 
and retested, have been treated as new magnets and counted separately. 

§ 7. The discussion of Tables I and II would have been much simpli¬ 
fied if one had possessed a record of the weight and dimensions of the 
collimator magnets themselves. It is not, however, customary to 
measure these (puintities at the Oljservatory, as they in no way enter 
into the tables used in reducing the observations. 

The only data at my disposal, bearing directly on these points, are 
the results of special measurements recently made on six magnets, 
three belonging to group C, and three to group E 

The results were as follows, the numbenng being purely arbitrary; 
the lengths are m centimetres, the weights in grams .— • 

Table III.—Uimeiisions and Weights of specimen Magnets 


Group 

Mngnct. 

Length. 

Kxtornal 

diameter 

Internal 
diamot/or 
at end 

Weight 

magnet 

W eight 
append¬ 
ages. 



em 

cm 

tin. 

grams. 

grams. 

1 

1 

0*36 

1 00 

0 81 

27’83 

— 

r J 

11 

9 30 

1 00 

0 80 

28 11 

— 

1 

111 

9*30 

1 00 

0 80 

30 -20 

26 28 

1 

Mean 

9 32 

1 00 

0 80 

28 65 

— 

f 

IT 

0*18 

1 065 

0'815 

26 *21 


K J 

T 

9 12 

1 056 1 

0 816 

25 64 

— 

1 

Tl 

9*13 

1 03 

0*80 

26*02 

82-41 

1 

Mean 

9 14 

1*05 

1 

0*81 

25 62 

— 


The specific gravities found for two of the magnets were approxi¬ 
mately equal, the mean being 7*67 

From this we conclude that in both groups of magnets the wall 
thickness is loss at the extreme ends, whore an internal screw is cut, 
thjin elsewhere; the mean internal diameter deduced from the data 
being 0*70 cm. for the magnets of group 0, and 0*77 cm. for those of 
group E. The actual volumes of steel in the two cases were respec¬ 
tively 3*72 and 3*34 c.c. 

There has been but little variability in the length or external 
diameter of the magnets of any one group; the volume however, if we 
may judge by Table III, is somewhat more variable., We should have 
more exact information on the point if K meant the moment of the 
magnet alone, but as matters stand, our conclusions are exposed to some 
uncertainty. The appendages, as we see from Table III, weigh about 
as much as the magnets themselves, their main mass lies however 
nearer to the axis of rotation. In fact, according to the measurements. 
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made on the special magnets the appendages contribute only from 26 
to 30 per cent, of the value of K. 

Again, the size of the appendages is determined mainly by that of 
the auxiliary brass bar, which according to the Observatory records is 
nearly constant for magnets of the same make. It is thus improlwtble 
that variations in the appendages exercise a large influence on the 
values of ir^K in the several groups 

§ 8. Taking all the data into consideration, I conclude from Table I, 
that the magnets of group A arc on the whole dibtmctly the largest, 
and those of group F very distinctly the smallest, that the other four 
groups are very fairly simiLar iii this respect, though the average 
magnet of group E is almost certainly a tnflo smaller than that of 
groups B and C. The variability in size was really one of my princi¬ 
pal reasons "for grouping the magnets The \tilucs of m and /t should 
inoroasc, cefnt^ pinhm^ with the size of the magnets, and an analysis 
which overlooked the difference lictween groups A and V might weP 
prove misleading. So far as individual groups are concerned, I do 
not think that the neglect of possible variations in the size of the 
magnets is hkely to prove serious. My reasons for tins opinion are 
partly Itased on phenomena discussed later in jg 15 and IG. 

§ 9 Before procee<Jing further, a second source of uncertainty muht 
ho noticed The moment of the residual magnetism in a magnet is 
not determined solely by the magnetic quality of the steel, it depends 
on the conditions under which magnetisation took place, on the time 
elapsed since that event, and on the usage to which the magnet him 
been exposed. 

In the present case I have strong reasons to think Chat the very large 
majority at least of the magnets wore magnetised under a nearly uni¬ 
form set of conditions Until quite lately it was the invariable 
practice to magnetise all the magnets at the Observatory itself, and the 
same coil with similar battery power has been in use for the last forty 
years. The magnet is not placed inside the coil, hut is stroked in a 
uniform way on the end of a very massive slightly projecting iron core. 
The capacity of this core to hold out a heavy pole piece has lieen re¬ 
garded as a criterion of the liattery Isiing in proper order; and as 
apparent “ saturation" is reached in an oi*dinary collimator magnet 
with the battery below standard condition, the test, though a rough 
one, appears fairly satisfactory. 

There is a vanety of indirect evidence as to the uniformity of the 
conditionfl. For instance, the dates of magnetisation of the ten magnets 
of largest m in group C, arranged in descending order of magnitude, 
were as follows :—1884, *66, 79, 73, ^96, '84, '83, '94, 75, '89, '68. 

As regards possible loss of magnetic moment, the magnets, with one 
or two probable exceptions, had all been magnetised but a short time 
before m and the various “ constants ” were determined. 
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g 10. Magnelk Moment ,—Taking into account the variability in gize 
which we have decided to exist, it would appear from Table I that the 
capacity for assuming permanent magnetism has been nearly the same 
in the four groups A, C, D, and E ; but the magnets of group B have 
been distinctly loss receptive than the others. It is difficult to say 
exactly how the magnets of group F stand. They are clearly much 
below the average size, and their mean m is at least as largo compared 
to the means in the other groups as one would expect from a compaii- 
son of the mean moments of inertia. 

Table II shows the variability of m to have boon much greater in 
each group than that of K. 

The great variability in ni is noteworthy, because when vi is small, 
corrections for torsion, temporary induction, <fec, increase in relative 
importance. 

It has been the practice of late years to rcjoct magnets showing 
exceptionally small magnetic moment, but the data from such rejected 
magnets are not included in Tables I and II. 

§ 11 Tempeiatnie Copffirienl ^,—Out of the whole 130 magnets the^e 
was not a single case in which the uiithmetic mean of the values found 
experimentally for q was negative. Thus within the experimental 
limits, say 0“ to 30^ C , the rate of change of magnetic moment with 
temperature invariably increased with the temporaturo 

The mean value for q in groups C, E, and F, is practically identical, 
and is very distinctly larger than the mean values for groups B and D. 
Group B 18 specially remarkable for the smallness of the temperature 
coefficients; in fact, the largest value of q found in a magnet of this 
group is very little greater than the mean value in groups A, C, E, 
and F. 

The mean value of is fairly similar for the different groups, but 
groups A and B have somewhat smaller values than the others. 

The variability of both q and q is, as wo see from Table II, very con¬ 
siderable in all the groups except E, where q varies but little. The 
term is in general small compared to the term qt^ and consequently 
the probable error in the determination of <j[ is large. The variability 
of <( may for this reason be somewhat exaggerated in Table II. 

§ 12. Induction Coefficieni ,—As explained above, fi is the product of 
the volume of the magnet into its permeability, as determined by 
leversing a field of about 0‘44 C.G.S. unit, the magnet being possessed 
ti a large permanent magnetic moment. 

Table I shows that the size of the moan ft in the first five groups has 
little relation to the size of the mean m. This is significant, because /& 
and m should vary in the same way with the volume of the magnet 

At the same time, the exceptionally small volume undoubtedly 
possessed by the magnets of group F is almost certainly the cause of 
the small /x found in that group; and wo shall probably be correct in 
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concluding that the larger mean possessed by group A as compared 
to groups B, G, or D, is due to the possession of a larger volume by the 
first-mentioned group. The pre-eminence of the mean of group E is, 
however, explicable only by supposing that the magnets of that group 
possess a considerably larger permeability than the others; and this 
larger permeability, as we see from Table II, is a pioperty not of one or 
two magnets, but of the whole group. 

On the whole, as Table II shows, fi is much less variable in the 
several groups than q or q\ 

The greatest recorded value of /a, viz , 11 89, occurs in group D. I 
feel, however, some doubts respecting this and a second largo value, 
9*72, found for a second magnet of the same group. The two magnets 
for which these values are recorded were tested in 1864; and one of 
them, when retested many years afterwards, had a less than 7. If wo 
excluded these two magnets, we should find for group D a moan /x much 
the same as that of group C. 

§ 13. Coefficient P.—In about half the cases P was determined from 
only one observation, and under such circumstances the proljable error 
is considerable. Still I do not think that the mean values given in 
Table I can be much in error. It will bo noticed that no magnet of 
group B gave a positive P, and that no magnet of groups E or P 
gave a negative P In groups A, C, and D, positive and negative values 
occur in fairly similar proportions; but investigation showed a great 
predominance of negative values amongst the older magnets of group 
C, while in gioup D no positive value appeared in the six oldest mag¬ 
nets. As pointed out m § 5, P depends on the deflected or mirror 
magnet as well as on the collimator magnet, and I am inclined to ascribe 
the interesting difference between older and newer unifilars mainly to 
change in the pattern of the mirror magnets (see § 46 later). 

As appears from either Table I or Table II, P when negative is 
usually numerically smaller than when positive. When an observer 
employs a uiufilar strange to him the probable error in P is doubtless 
larger than when the instrument is one to which he is thoroughly 
accustomed, and it would not bo unreasonable to attribute to this 
cause some of the large values recorded in Table II. It happens, how¬ 
ever, that three of the largest values of P in group C wore each based 
on three independent observations. The results of the individual 
experiments were as follows, the numbering being purely arbitrary :— 


Unifilar. 

i. 

li. 

iu. 


f +2416 

*1439 

+ 1031 

Taluet of 10* x P/r* at 30 cm. 


*1917 

+ 878 

1 +2303 

-1107 

+ 004 
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The probable errors in the mean yaluoa found in those three oases 
are certainly sensilJe, but still they form only a comparatively small 
percentage of the value of P. Certain drawbacks attending large values 
in P are dealt with later. 

§ 14. A general survey of Tables I and II shows merits and demerits 
in most of the groups of magnets. Thus in group B the temperature 
coefRcients are exceptionally small, but on the other hand the magnets 
are somewhat weak. Again, in group E the magnets are exceptionally 
uniform in quality, but they possess exceptionally large permeability 
for temporary magnetism. 


llclaiion&liip^ between Magnetic CoiHiianis. 

§ 15. In attempting to determine the existence or non-existence of 
relationships between the magiutudes of the several magnetic constants, 
one naturally turns first to the large group C. To determine whether 
the size of the permanent magnetic moment influenced the other quan¬ 
tities, I arrangorl the eighty-two magnets of the group in sub-groups as 
below, and found the moan values of the several constants for each. 


Table IV.—Analysis of Magnets of Group C according to Magnetic 

Moment. 


Value of m 

Numl>er In suli- 
group 

Mran 

m 

Mean 

ir»K 

Mean Mean 

Mean 

Mean m 
Mean /a 






>1000 

11 

1044 

2832 

MS 

140 

5*96 

175 

i.wp 

481 

1000to9*i0 

10 

973 

2745 

R13 

14.3 

5-68 

176 

884 

304 

m „ WO 

11 

921 

2702 

331 

13.1 

5*72 

161 

849 

188 

900 „ 875 

9 

8HH 

2759 

869 

149 

5*61 

158 

628 

286 

875 „ fl''0 

U 

802 

2809 

362 

144 

5'05 

IM 

859 

680 

850 „ 800 

10 

827 

2720 

300 

147 

5‘42 

152 

613 

350 

800 750 

10 

779 

27W 

365 

156 

5 57 

140 

767 

257 

<750 

0 

053 

2684 

43S 

137 

5'58 

117 

472 

298 


It IS only natural to expect a sensible departure between the means 
of any single property m a sub-group of ten magnets and in a whole 
group of eighty-two magnets, supposing the sub-group selected by pure 
chance. Bearing this in mind, we must, I think, conclude that no clear 
relationship exists between the value of m and that of K, g', or /i. 
The absence of apparent connection between m and seems strong 
evidence of the comparatively small variability in the actual size of the 
magnets. The fact that p is nearly, if not quite, independent of m is 
important, because it is expedient ceteris parous that m/p should be as 
largo as possible. If g, q\ or p had shown an appreciable tendency to 
vary with m we should have been led to suspect, as h prion probable, a 
tendency to alteration in these constants as the magnet grew weaker 
with ago. The absence of any apparent connection of the kind is not, 
however, proof positive that no such tendency exists (see § 37 later). 
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§ 16. I next arranged the eighty-two magnets of group C in sub¬ 
groups, according to the value of /a, with the following results:— 


Table V.—Analysis of Magnets of Group C according to Size of 
Induction Goelficient. 


Value uf fi 

Numlier In mh- 
group 

Moan 

n. 

Moan 

Ml 

Moan m. 
Mtan 

Mean 

ir*k 

■■ 

Mean 

Moon 

Mean ia>x !>;*». 

When + 

When - 

>6 

as 

a sj 


140 

27fl9 

4.13 

1«0 

800 

3IS9 

StoA fi 

2i 1 

IS *71 1 


137 

mi 1 

.ido 1 

m 

901 

24A 

5 A IS 

19 ' 

A 2S 

Hf.4 

10.1 


2*14 

ria 

ISA 

241 


13 

4*69 

837 

]75» 

J774 , 

2110 , 

14S 

7S7 

931 


There is here no trace of .i connection between /a and K, which sup¬ 
ports the conclusion drawn from the absence of apparent connection 
between m and K. There is jiroljably a slight tendency when /x is very 
decidedly l>elow the mean for w to l)e slightly low, but the tendency 
in mjp, to increase as /j. diraimshes is conspicuous 

The large value for P, when negative, when /x lies liotwecn 5 and 4 
has no real significance, the moan being based on only two magnets. 
The one clear and important relationship brought out by Table V is 
between and q Largo values of these two constants unquestionably 
have a tendency to occur together in the magnets of group C Out of 
the twenty-six magnets whose fi excGe<lcd G, no less than eighteen ha<l 
a q above the mean ; while of the thirteen m/ignets whose /x foil short 
of 6, only two had a q alwivo the mean As the result seems important, 
I submit the following analysis, showing the distnbution of the dificrcnt 
values of /x in group C .— 


Table VI. 



10*? - 150 

200 

250 

300 350 

400 

500 

600 

700 

1 

All Tuluei.... 

. 4 

11 

17 

19 13 

7 

8 

1 

2 

From 7 to 0.. 

. 0 

2 

3 

3 0 

4 

5 

1 

2 

1, 6 „ 66 
»» 6*6 ,, 6., 

. 3 

3 

3 

7 6 

2 

2 

0 

0 


3 

6 

5 2 

0 

1 

0 

0 

« 6 „ 4.. 


3 

5 

4 0 

1 

0 

0 

0 


The table is to be read thus: Of the eighty-two magnets, four had a 
value of IQ^q between 150 and 200, and of those, two had a /x lying 
between 6 and 5*5, while two had a /x lying between 5*5 and 6. 

Table VI certainly supports the conclusion drawn from fable V. 

As a further check on this conclusion, I arranged the eighty-two 
magneto in two sub-groups, according as q was above or* below the 
mean, with the following result;— 
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Table VIT. 



Number 
in Biib- 
group. 

Mean 

Bfran 


Mean m. 

Mean-lCxP/A 




Moiin 

r' 

VThen +. 

When- 

Abo7d mean .., 

33 

<57 

160 

5 94 

873 

864 

303 

Below mean ... 

49 

276 

133 

6‘43 

873 

830 

887 


Table VII, like the two previous tables, points to some connection 
between large values of /a and q. Out of the first twenty magnets, the 
arrangement being in descembng order of only two had a value of /* 
IksIow the mean for group C 

The association of large values of /i and q in group C is not, how¬ 
ever, without some conspicuous exceptions, for instance, the magnet 
coming cightoeiith in the hat just referred to had a /x of only 4 71 

§ 17. There are several other interesting features in Table VIT; 
only about two-fifths of the magnets had a q above the mean. Again 
the fact, partly accidenttd of course, that the two suli-groupa should 
have precisely the same moan m is strong evidence that in the magnets 
of group C the size of the principal temperature coefficient is inde¬ 
pendent of the cupicity of the steel to retain a largo magnetic moment. 

The mean of the first sub-group of Table VII is distinctly larger 
than that of the second sul>group, but the evidence of a tendency in 
large values of q and 7 ' to go together is not wholly conclusive. Thus 
out of the thirty-three magnets whoso q exceeded the mean, fourteen 
had a q below the moan ; and two of these fourteen had the largest 7 ’s 
of the group. The force of such notable exceptions is weakened, how¬ 
ever, by the consideration that an experiment which makes q slightly 
too big is more likely than not to make q considerably too small. 

§ 18 Groups B and E are the only ones beside C which are suffi¬ 
ciently numerous and homogeneous to merit analysis. In the two fol¬ 
lowing tables I give the results obtained by subdividing each of these 
groups into two numerically equal sub-groups, according to the size, 
first of m, second of /x. 


Table VIII.—Mean Values of Constants in Sul>groups. 



Sub-group 






Meon m. 

10* X P/r*. 

Oroup. 

in c'rder 

m. 

ir^K. 

10*2 

10"^' 


Mean /a. 


of m. 







® { 

First 6... 

759 

28SO 

273 

135 

6‘10 

124 

-476 

Second 6. 

584 

2685 

241 


6 96 


-395 

E { 

»irst 6... 

883 

2520 

386 

162 

7-56 

117 

+ 787 

Second 6. 

791 

2511 

862 


7*66 

105 

+ 572 
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Table IX.—Mean Values of Constants in Sub-groups. 



Sub sroup 



Mean m. 


lifq 


10“ X P, r- 

Group. 

m order 
of /I. 

/*• 

m 

Mean /a 


® { 

First fl... 

G*48 

674 

104 

2^20 

256 

141 

-487 

Second 6 . 

6‘58 

6G0 

120 

2GOO 

267 

96 

-386 

m I 

First 6. 

7*70 

8G0 ' 

112 

2576 

315 

141 

+ 909 

E 1 

Second 5 . 

7 4a 

815 ; 

1 

no 

2465 

353 

171 

+ 401 


Values of P were wanting for three of the twelve magnets of 
group B 

In one respect Tables VIII and IX unquestiontably agree with tho 
results established for group C , they show a distinct tendency m 7/;//t 
to bo large when m is large There is, however, in Table IX no asso¬ 
ciation of large values of fi and q. In the case of gi‘oup B there is an 
apparent association of largo values of both m and /a with largo valuoa 
of K, suggesting that the size of the magnets has exerted a slight but 
sensible influence. In the case of group E tho differences between tho 
various magnets are so extremely small that we could hardly hope to 
detect any relationship that was not very intimate and potent. 

Tho previous part of the paper has been mainly historical anrl 
descriptive, it remains to consider the subject from’a more critical 
standpoint. 

IhohaUe Enois in Dfta ruination of Hwhontal Fotce thin to Eiiors in 
Valaea of “ ConstanU” 

§ 19. Let us first assume that the methods of determining tho 
“ constants ” and the formula) employed in calculating the horizontal 
force are alike above suspicion, and investigate on this hypothesis tho 
uncertainties introduced by the probable errors in the values found for 
tho several ** constants.” To do this, we mnst consider tho formulae. 
The notation not already explained is ns follows :— 

X = horizontal component of magnetic force, 

Ti = senu-penod of vibration, corrections having boon applied, if 
necessary, for rate of chronometer and for finite arc of 
vibration; 

© = torsion couple, during vibration experiment, when torsion 
angle unity; 

u = deflection angle, during deflection experiment, when r distance 
apart of magnets* centres; 
t » temperature during vibration experiment; 
f „ deflection „ 
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For clearness, I shall in what follows suppose r to be 30 om., that 
being the smaller of the two distances now adopted generally. 

X is deduced by combining the two formulae —* 


„ tt-K f- 0 ^ fjo 2/i cosec w T "“1 

"‘X ° TV {' I . 

m/X = + + . 


( 2 ). 

(3) 


whence we have— 


X2 


tt-K . cosec «(1 - P/r°)‘^Ti ^ 

(1 + ^ CO80C uj(i + ^+qe+^f<‘'j 


Suppose ^iK, 8fx, &c., to represent the errors in the values ascribed to 
K, /A, &c. Terms in 0 , /x, 7 , q' in the denominator of the expression 
for X* are always small comp^ired to unity, and may for our present 
purpose bo neglected in the coefficients of 3/i, S 7 , &c. In this way wo 
easily find for the consequent error 3X in X:— 


X 





^ (1 + cosec«) . 


{Sq+(i + f)Sq'}-is(^ 

. (»)• 


From (5) we see noteworthy differences in the consequences of 
errors in the different “ constants.” 

In the case of K it is not the absolute size of the error that counts, 
but the ratio it bears to the size of K; while in the case of P, /x, and 
the temperature coefficients it is the absolute size of the error that 
counts. In all cases SX increases with X, so that the obaolute effect of 
a given error in any one of the “ constants ” is greater where the hori¬ 
zontal force is largo than where it is small. 

§ 20 . In estimating the probable errors in the several constants, I 
have confined my attention to the cases in which the accepted results 
were based on two, and only two, experiments. 

If 25y be the difference between the values given by two experi¬ 
ments for a certain quantity, the probable error in the arithmetic mean, 
y, of the two determinations is 

V = 54^x0*6746. 

In many instances the value of a “ constant ” was based on only one 
experiment. In such cases we may reasonably assume that the single 
experiment was, on the average, neither better nor worse than 


* Cf, Stewart and Gee's ' Elementary Practical Physios,* toI. 2, pp. 208,807, fto., 
allowing tor diflerenoe of notation. 
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Bven^ experiment which formed one of the couple usually made. 
This would give for the probable error in the value of a ** constant” 
based on one experiment only, the value 

where Sif* is the arithmetic mean of the prolwible errors ^y" found in 
the cases where two experiments were ma<lo. 

In the few cases whore constants were based on three independent 
expenments, one could, of course, have calculated the probable errors 
Sy'", and found their mean. The number of such cases appeared, how¬ 
ever, too small to give a satisfactory mean value 
§ 21. Taking first the moment of inertia, I examined sovonty-one 
cases in which two independent determinations hail l)Oon made. 
Employing 2SK to represent the difference between the two observed 
values, whose arithmetic mean is K, I found 

Mean 8K/K = 0*00041, 

The corresponding moan probable error is given by 
6K7K = 0 000277, 

and answering to this the probable error in X is 
5X = 0*000138X. 

Ascribing to X the value 0*18 CGS. unit—which is not far from 
the present mean value in Great Britain—wo should have 

6 X “ 0 000026, approx. 

Taking the same value 0*18 for X, I also dotormined the law of inci¬ 
dence of the probable error in the seventy-one cases examined. 

The results were as follows ;— 


1 

Tiiblo X. 

ro O'B 

1 

2 

3 

4 greater 

(Prob. error) x 10® between^ 

1 

1 0-5 

1 

2 

3 

4 

than 

5 5 

Number of magnets. 

18 

8 

13 

14 

4 

6 8 


As measurements of horizontal force are usually taken to 1 x 10*^ 
O.Q.S. unit, we see that error in the moment of inertia may be 
expected to affect the last significant figure, in these latitudes, in fifty- 
three cases out of seventy-one, or practically in two cases out of three. 
In one-ninth of the total number of cases the probable error in X shown 
by Table X reached or exceeded five units in the last significant figure. 
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Also it must be remembered that in equatorial regions X may be double 
the value assumed in Table X, and that 8X in this case varies directly 
asX. 

§ 22. The number of instances whore two observations had been 
made of fi were fewer ; I examined forty-one of these in all. 

Kopresonting by S/i and 5 /a" the moan of the scmi-difforoncos between 
the two observed v^ucs and the moan probable error respectively, I 
found 

5^ - 0*198, = 0*134. 

The corresponding probable error in X, treating r as 30 cm., is, 
irrespective of sign, 

5X = X (1 -f- cosec if) (30)~® x 0 134, 

= 5 X 10“®X (1 -h cosoc it), approx. . 

This is troublesome to deal >Mth, because cosec tf depends both on X 
and on the magnetic moment. As a first approximation wo have iii 
fact 

coscc u ~ 30^/2m. 

To get an idea of the probable error arising from error in /a, suppose 
X = 0 18, as at Kew, and m — 840, as in the average new collimator 
magnet. This gives 

cosoc u ^ 3, approx. 

SX 0*000004, approx. 

Thus when there are two observations of ft the proba])le error ivill in 
the average case fad to aifect the last significant figure, supposing X 
measured as usual to 1 x 10"® C G.S. 

Of coiu*so in a good many individual ctises the prol)able error in /a, 
determined from two observations, m’os sufficient to affect the last 
significant figure at Kow. More often than not /a has been derived 
from a single experiment, and in the majority of such cases wo should 
conclude that the prolmble error was large enough to affect the last 
significant figure in X, measured at Kow. Owing to the occurrence 
of a term 

- r“®X cosoc M = - X'j2r}i 

in the expression for fiX/5/A, wo see that where X is largo, and ni is 
small, error in /a may bo very much more serious than in the case wo 
have selected for numerical treatment. 

§ 23. The influence of errors m q and r/ on X is difficult to presiut 
clearly, as it depends both on the difference and the moan of the 
temperatures i and t* existing during the vibration and deflection 
experiments. If t and f are equal, it does not matter—the funda- 
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mental formulee being granted—how lai'gely <i and y are in error : but 
this is an exceptional occurrence, especially in field observations. To 
consider all possible mean temperatures seemed uiiiioceBsary, and I 
thus confined my attention to the three cases 

(/ + 0/2*0. = 1 .VC., - 30”C., 

corresponding to which, 

+ + + — ^(y + 60 (/'). 

In other words, I found the difference iKjtweeii the two olwerved values 
of the three quantities 5 , q + 30</' and 7 + 60/', treated independently, 
and the corresponding three independent jirolwble errors. 

The results, derived from seventy magnets, u ore as follows :— 


Qutnti tj 

Wq 

lO** (7 + 307')- 

10 « {7 + 607 '). 

Mean semi-difference . . . 

iir. 

7 8 

141 

Mean probable error . ... 

7-8 

rr 3 

9*5 


Corresponding to this, wo have for the mean prolmble errors m X 

Mean temporature 0® C • 16* C. 30® 0. 

SX. 3*9(<-Ol0‘''^X 2 -G(<-r)10 4 7 {^-Q lO-^^X. 

The probable error is conspicuously less near the middle part of the 
temperature range covcre<l by the actual expenment than near either 
limit of this range; and this is only what we should anticipate. When 
the mean temperature during a horizontal force observation, at Kew, 
is 15’ C., it would in the average unifihu’ require a difference of fully 
lO’C between the mean temperatures during the nliration and deflec¬ 
tion experiments to make the probable error in 7 and 7 ' affect the fifth 
significant figure in X. So largo a temperature difference as this need 
hardly ever be feared in a fixed observatory. 

The result so far comforting, but does not justify the conclusion 
that error in the temperature coefficients is a wholly improbable cause 
of error in X. In some individual cases the prolmble errois found for 
q and q* were five or six times larger than the moan. Again, in a con¬ 
siderable number of instances, 7 and 7 ' have been derived from only 
one expenment. Finally it shoidd bo noticed that the probable error 
3X increases with X, and that on the whole X is largest in equatorial 
regions where the temperature is high, and consequently errors of given 
magnitudo in q and 7 ' most effective. 

§ 24, The two terms and - jS( 0 /wX) in (5) wore included 

with the object of showing how errors in the values assigned to F or to the 
torsion affect X. I have, however, no satisfactory data as to the size of the 
Xnrobable errors in P or the torsion coefficient under normal conditions. 
The torsion coefficient varies from thread to thread, and also with the 
<iampnes 8 of the air. It is in fact treated as variable, and is usually 

VOL. LXV, 2 G 
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determincxl specially in each oliservation of X. The accuracy of the 
determination tbiis depends more on the observer than on the in- 
stniment, 

P has never been regarded at Kow as a constant to be determuieil 
(inco for all, Imt oljservers iiro recommended to determine it for them¬ 
selves, employing, when possible, a series of observations made aliont 
the same time and in one neighbourhood. In other wonUjP is treated 
as a quantity which probably alters slowly with the time, and which 
may \ ary with X In the Kow unifilar itself the mean value of P 
calculated from a year’s o1>8ervations varies slightly but somewhat 
irregularly from j’ear to year 

The degi’cc ot variation is liest seen by consulting the following 
table .— 

Taldo XT. 


Ycnr 

-10“P/rJ ' 
nl 30 cm 

Year. 

nl 30 cm. 

Y'eur. 

-10»>tP/r* 

•t 30 om. 

imo 

loa 

1886 

153 

18921 

67 

1876 

1A5 , 

1887 

192 

1898/ 

, 1879 

115! 1 

1888 

171 

1894 

140 

18881 

133 ‘ 

1889 

211 

1896 

13L 

1883/ 

1890 

177 

1897 

in 

1884 

172 

1891 

121 i 

, 1898 

143 

1886 

1 


1 




Each one of these results is Imscd on a largo number of oliservations, 
Imt 1 should hesitate to say that observational error plays no part in 
the apparent fluctuations. Tliere are of coui'so frequently minor 
magnetic disturbances during honzontid force oliservations, and two 
or three outstanding values of P sensibly affect a mean though derived 
from forty observations. Tliough the annual mean has iuvanably 
made P negati\e, positive Vtilues from individual observations are by 
no means uncommon. 

If w e consider that the data in the alxivo table arc liased each on 
numerous experiments, taken at a fixed station under the best conditions, 
we must, I think allow that uncertainty in the P correction is u very 
prolmblo source of trouble in survey w’ork. 


VnttniiiH of Formnla: fiom Maihemitkal Siaiktpoiiii. 

§ 25. If 0 be the angle made by the axis of the collimator nuignot 
with the magnetic meridian at time r, the equation of motion is 

K'fi+0tf + {«iX{l-2/-47«) + /iX.X}smtf - 0 ... (6), 
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where K' ia the moment of inertia of the magnet and appendages, and 
ft the induction coefficient at temperature /. 

If ^ be kept small enough this gives an isochronous \ ibratiou whose 
half period Tj is given by 

T.< . (,*K7«X)-(l 

whence wX =. + 

Unless 6 lie kept very small, a correction becomes necessary for 
** finite arc ’* of vibration; and wc then encounter the difficulty that 
the torsion couple is and not ©sin 6, 

This is rarely, however, of practical importance, except at places u hero 
X is specially small, supposing one avoids coarse susponsion fibres. 
At Kew ©/wX very seldom roaches O’OOl, and B need never exceed 2 “ ; 
and under such conditions 0 sm B may be freely wiittou for ©<?. The 
correction for “ finite arc ” then presents no peculiarity 

A second criticism that may bo passed is that ( 6 ) makes no allowance 
for air resistance ; in the absence of experimental data I have nothing 
to say on this point. 

§ 26. In the deflection experiment the deflecting and defloctetl 
magnets are at nght angles, the latter making an angle u \\ ith the 
magnetic niendian. 

Supposing ^ the temperature, the induction coefficient of the colli¬ 
mator magnet during this experiment, and X' the horizontal force, we 
have— 

X 7 'ia ** CO80C u {1 - Ilf - qt- - (/i'X'/iii) sin » } (1 + P' “")• • 

assuming the term negligible. 

Here r is the actual distance at temperature f l)otwocu the centres of 
the two magnets. 

Unless a largo magnetic storm is in progress—in which case an abso 
lute observation of honzontal force is worthless—w'e may regard X 
and X' as equal in the small terms of (T) and ( 8 ), and so may wntc 
these equations as 

ff#X ^ (jt^K'/Ti-) -r {1 + (©/wX) -(ft- qt^ + 2 / 4 r“® cosec ?/}, 

X'/m « 2t-3co8oc «(l +Pr -“)(1 

Thence, eliminating 7H, wo have 

YY' 2 ir-K' cosec « (1 + P/ (1 - q f - ... 

"" r“Ti^ 1 + (®/mX) ~qi- q(^ + cosec » * ^ 

This differs from (4) in several respects; but some of these possess 
little real significance. 


2 G 2 
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ThuB we have XX' in (9) as againat in (4); but this only means 
that the X appearing in (4) is in reality a moan between the values 
possessed by the horizontal force during the vibration and deflection 
experiments. 

In actually comparing *the result of an absolute horizontal force 
observation with the magnetogram one measures the curve ordinates 
at the mean times of the two experiments—times separated usually by 
thirty or forty minutes—and takes the moan of the two ordinates as 
corresponding to the X deduced from (4). 

Again, the K appearing in (4) is really taken from a table which 
allows for vanations of temperature, and the same is true of ?*. 

§ 27, The first difference of real significauce is that (9) oontains 
1 +1V“2, while (4), on the other hand, has (1 - Supposing X 

measured as usual to five significant figures, this becomes objectionable 
when the value of X is affected by so much as 5 x 10“® C.G.S. unit. 

The linuting value of for which the substitution is justifiable is 
given by 

X{l-Th-*y= X-Tjx 10“«, 
or, approximately, « 10'“^(10/X)*, 

This gives— 

For X « 0*18, = 0*0074, approx., 

X - 0*36, Pr’^ « 0 0053 „ . 

The mecan value found for P?"^, when P is positive, in Table I is just 
in excess of 0 0074, and values in excess of 0*0053 are very common. 
Thus the employment of (1 - P/‘“2)"i m (4) is, to say the least of it, 
frequently unjustifiable. 

As regards the possible size to which the error in question might 
attain, we should have in the case of the largest P given in Table II 

for X =» 0*18, error 0*00006, 

X = 0*36, „ 0*00011. 

§ 28. The second difloronce of note between (4) and (9) is that 
(1 + qt' + + 2/xr"’*)'^ occurs in the former as against 

in the latter. 

Overlooking for the present a possible difference between /& and /a', 
M'c see that objection arises when 

ceases to be negligible. 

So far as the term in /a is concerned there is no cause for apprehen¬ 
sion, as 0*0006 would be an exceptionally largo value for 2/Ar~^. 
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The case of the temperature terms is loss satisfactory. Taking, for 
example, the moan values of Table I, viz, 

335xl0-«, q « 14xl0-s 

we have 

r = 10" 20" 30" 

qt + qf^ = 349 X 10-'’* 726 x lO’^ 1131 x 10“^^ 

Following exactly the same procedure as in the case of P/’*-, wo 
thence conclude that the treatment applied to the temperature terms 
will on the average begin to introduce error, supposing X = 0 18, 
w'hon 1^ reaches 20" C. 

When a magnet wnth large temperature coefficients is used in hot 
weather at a place where X is largo, the error duo to the treatment of 
the temperature terms becomes very sensible. Sup{K)sc, for instaiico, 

Y « 6 X 10“*, q =» 22 X 10"', 

values exceeded in one actual ciwo, then w^e have 
for r == 35^ 

/ + = 0 0237. 

This gives an error of approximately 0*0001 C.G S unit when 
X = 0*36. 

VuhdMn Jimn Phi/stral Standjmnt,^ 

8 29. Under this heading I shall discuss coibain grounds of uncer¬ 
tainty which may «iftect the .'iccuracy of the calculated values of the 
horizontal force. The considerations are mainly, but not exclusively, 
physical. 

An objection to lioth the fundamental formulsc (7) and (8) is that they 
represent all the quantities mvolvod as constant, whereas in general 
magnetic force and tlechnation, temperature, and moment of magnet, 
are constantly altering. 

In reality, however, the / appoamig in (7) is the mean of two read¬ 
ings of a thermometer adjacent to the collimator magnet, taken, the 
one immediately before, the other immediately after, the vibration 
experiment; while the appearing in (8) is the mean of eight thermo¬ 
meter readings taken nearly simultaneously with the individual obser¬ 
vations of the deflection angles. There is thus very fair provision for 
changes of temperature so long as the temperature changes slowly and 
continuously in one direction, provided the thermometers really record 
the temperature of the magnet. In a flxed observatory those condi¬ 
tions are probably as a rule fairly secured if the magnet and thermo¬ 
meter bo freely exposed to the air for flve or ten minutes lieforo the 
experiment commences. 

• Norember 22.-^onipiire a papor hy Wild (which I hod orerlooked), *Terro- 
itrial MagnetiuD,' toI. 2,1H97, pp. 39—104. 
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§ 30. VariationB of horizontal force and declination—vdiich likewise 
lifiectB lx>th vibration and deflection readings—are more seriouB. If 
small and gradual, they are of course likely to l^e largely eliminated, 
especially in the deflection experiment, where the order of the operations 
is specially devised with a view to this end. If, however, they are 
large and sudden, prolwibly the only really satisfactory course is to 
reject the observation. 

It might be supposed that at a fixed observatory coirections could 
always be applied by referring to the magnotograph curves. This, 
however, is not very feasible in practice. The time scale of the curves 
is so contracted that the time to which a particular ordinate refers is 
iisiwlly uncertiim to the extent of at least half a minute. Again, the 
position at any instant of a magnet during rapid changes of field 
depends to an extent difficult to determine on the inertia of the 
magnet; and the magnets used in niagnetogi'aphs and in absolute 
instruments differ greatly from one another lioth in inertia and in 
method of suspension. The \ibration of a magnet under sudden 
irregular variations of horizontal force and declination is in all prob¬ 
ability a very complicated problem. 

§ 31. The possibility of obtaining satisfactory lionzontal force 
measiu’ements depends largely on avoiding times of serious magnetic 
<hstur banco 

The shorter the time occupied by the olison ations, the better the 
chance of accomplishing this. Supposing a uniform procedure adopted, 
the time occupied by a vibration expenmout is independent of the 
observer; it is shorter the stronger the magnet and the greater the 
horizontal force. It is thus of especial importance that collimator 
magnets intended for work in arctic regions, where the force is low 
and disturbances largo and numerous, should lie of high magnetic 
moment. 

In the deflection experiment a great deal depends on the skill of the 
observer, and on the make of the unifilar; one observer may do in 
twenty minutes what occupies another for fifty. Extreme conscien- 
tiousnosa may bo a positive demerit, owing to the excessive time spent 
in adjustments and readings. 

A variety of other criticisms will be considered which apply to some 
one physical quantity, and are dassified accordingly. 

§ 32. Mmtuiid of inertia ,—In default of any simple moans of directly 
measuring the variation with temperature of the moment of inertia, 
this voriatioii is calculated by assuming for the coefficients of lineai* 
expansion:— 

18 X 10~^ in the auxiliary brass bar, 

12 X 10'^ „ „ collimator magnet. 

There is of course the uncertainty that the assumed mean values may 
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not aj^ly very exactly to the'particular samples of brass and steel em¬ 
ployed in any indivnbial case; and there is the further criticism that the 
coefficient 12 x 10*® is applied to a composite moment of inertia K, 
of which 25 to 30 per cent, is contributed by the magnet s .ippendages, 
which are mainly brass. The expansion coefficients are employed first 
in deducing the value of K at 0° C. from the value found at some 
higher temperatiu*e, and then iii calculating from the value at 0“ C, 
thus found, a ttible gi\ung K at all temperatures likely to occur in 
actual use. Any error that may^ariso in this way will bo larger the 
more remote the temperature from that existing dnnng the special 
inertia experiments. Its proliable magnitude cannot, however, lie 
directly arrived at in the absence of measurements’ of the ev[wn3ion of 
specimen magnets, their appcnrlages and auxiliary Iwiis 

A second source of luicortainty is the fact that one is obliged to 
assume uniform density in the auxiliary bar 

J5 33. Toimn of mnpe)idin{f IhremL- —This is required (1) in reducing 
the declination experiment, (2) in the vibration experiniont dcternninng 
the horizontal force. 

For a considerable time prior to a declniation experiment at Kew, the 
suspending silk fibre is stretched by hanging from it a non-niagiietic 
plummet similar in weight to the magnet and its appenthigos. As the 
magnetic meridian is very approximately knomi, it is easy to arrange 
that when the plummet is rephicod by the declination magnet there 
shall be very little twisting of the silk, wo may thus, with at least 
reasonable proliability, rogaid the thread at the beguiningof the experi¬ 
ment as practically free from torsion. After the experiinont is con¬ 
cluded, the magnet is again replaced by the plummet, and after some 
hours its position is noted. In this way we can toll approximately the 
angle & through which the lower end of the throatl has turned since the 
last declination reading Was taken. It is assume* I that ^ represents the 
amount of torsion in the silk when the experiment ctulcfl, and that 
this torsion was introduccti gra<luHUy m the course (tf the experiment. 
As the magnet has to l>e variously manipulate*!, there is no antecedent 
mproliability in the hypothesis; but it will, I thuik, bo recognisefl that 
the taking d'/2 as the moan torsion angle during the experiment is an 
emendation whose success is likely to be variable. 

To allow for 61^/2 of torsion, one introduces a given twist into the 
thread and notes the consequent change of azimuth in the suspended 
mi^iiet. The procedure adopted at Kew, is to turn the suspension 
head carrpng the thread through ISO" first in one direction then in 
another, noting the corresponding oquihlirium positions of the magnet. 

§ 34. The occasion for a torsional correction in the vibration experi¬ 
ment is the existence of the couple 0^ in (6), and consequently of the 
term 0/wX in (7). The value of 0//aX is deduced from the observed 
changes in the azimuth of the collimator magnet when the suspension 
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head is turned through ± 180^ There are several possible criticisms. 
In the actual vibration experiment, the thread is twisted at most only 
A degree or two, and it is open to doubt whether a value found for 0 
from twists through ± 180" is strictly applicable, oven supposing the 
conditions otherwise identical. 

There is usually more than one silk fibre in the suspension, and this 
increases the probability that the value found statically for 0 may not 
apply exactly to a vibration experiment. 

Another criticism is that experiment really gives ®/mX\ where m* 
and X' are the values of the magnetic moment and of the force during 
the torsion expenmeiit, instead of where w is the momout at 

0* C. and X the force diiniig the viliration experiment. 

To judge of the effect of this, we require the relation lietwoen the 
error in 0/?//X and the consequent eiToi in X. For this wo have 
from (5) 

ax = - Xja(0/mX). 

In order that aX should etiual +5 x 10“at Kow wo would roquiio to 
have 

a(0 ///X) - ±5 X lO'S approx. 

When one uses a suspension .sufficient for the collimator magnet 
alone, without the auxiliary liar, one can with an Average magnet get 
0 /i«X as low as 4x10"^ at Kew. Now an error of 10 per cent. 
\n®imX through neglecting the lariation of with temperature or 
the fluctuations of X at a fixed station is quite out of the question. 

On the other hand, suspensions such as are frequently used to carry 
the auxiliary liar as well as the magnet, and are intended to stand a 
good ileal of rough haudhug, wny make 0/i»X at Kow aa large as 
25 X 10“*^. In such a case errer may occasionally arise through not 
discriminating between in and vu 

In practice the most probable sources of error are inaccuracy m the 
torsion experiment and variation in 0, owing to vanation of moisture, 
between the vibration and torsion experiments. 

§35. Tempemtinc —lu the method of determining tem¬ 

perature coefficients in vogue at Kew the collimator magnet is fixed 
inside a wooden liox, rigidly attacheil to the pillar which carries the 
unifllar. The calculation asHumes the mirror magnet—which is sus¬ 
pended as in the deflection experiment—to be exactly perpendicular to 
the collimator; but, owing to the position of the latter being Axed, this 
is in general only approximately true. Suppose the deflected magnet 
to make an angle n with the magnetic meridian, and an angle ± 
instead of ir/2, with the collimator magnet. The deflecting force P is 
given in terms of X by the equation 

F;X « 8m?/,'cos 
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If F alters owing to change of temperature in the collimator magnet, 
its increment 6F and the increments in ^ and a are connected hy 

the relation 

. (F + 6F)/X « sin (u + 5h)/co8 + Sif). 

But and arc equal and so, supposing SF/P small, we have 
5F/F =* (cot u + tan Bo. 

The assumption, tacitly made in pmctice, that the nnignetic axes are 
perpendiciilHr is legitimate only when w o may neglect 

tan ^/cot it. 

The size of the error vanes with the moment of the deflecting 
magnet, and also with the secular change of dochnation. A slight 
change is, I think, desirable either in the oxponmeiital arrangements or 
in the calculation.* 

§ 36. A more stnctly physical objection to the temperature experi¬ 
ment is that 111 it the changes of temperature are \ cry sudden, whereas 
in actual use they are gradual. I am not aware of any oxpenments 
beanng directly on the question whether a change of from 16“ C. to 
40“ C, occupying only a minute or two, has the same fmpontt ij effect on 
a magnet as an equal change occupying as many hours. Theoretically 
it woulil l»e very desuablo to make the changes of temperature slow, 
but in practice this is troublesome, owing to the disturbing influence of 
changes in declination and honzontal force A change of 18“ C. in the 
temperature of a collimator magnet at Kew seldom alters the azimuth 
of the deflected magnet by more than 10', so that it is important to 
avoid the risk of sensible disturUuices so far us possible, e\cn though 
coiToctions arc applied from the magnetic curves. 

Another objection is that sudden changes of tcmperfiture are apt, 
like mechanical shocks, to permanently diminish the magnetic moment. 
It is clear that unless such permanent loss is small, siitisfactory values of 
<1 and ([ are unlikely to result from a calculation which assumes that 
the temperature effects are purely temporary. 

In the normal temperature experiment at Kew the cycle “hot,” 
“ moan,” “ cold ” is repeated throe times, and the arithmetic mean of 
the throe readings of the deflected magnetos azimuth, answering, «iy, to 
the three “ hots ” is attributed to the temperature which is the anthmetio 
mean of the throe olwervcd temperatures This methotl probably 
eliminates to a considerable extent the influence of permanent changes, 
supposing thorn to exist, but it also renders their detection somewhat 
difficult. To investigate the matter I took a number of temperature 
experiments, and employing the values found for (/ and 7' calculated 

* Norember 7.—Since this wa$ written the tinall necessarj change in the appa- 
ntof has been effected. 
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the vnlues of the magnetic moment, r(Hluce<l to a common temperature, 
At each of the three “ hot,” “ mean,” and “cold ” readings. Thus, for 
instance, if the three “hot” tomperatures wore 35\ 361, and 37% the 
olNserved magnetic moments were reduced to the moan temperature 36 \ 
The departures from the mean temporatiu’es in this case are so small 
that trifling errors in q or q arc immaterial Corrections were care¬ 
fully applied in all cases from the magnotograms for changes in the 
honzontal force and declination. 

In all, sixteen experiments made on ten diflcront magnets Mere 
dealt with; the moan results are given in Talilc XII. By ( - 3?w/»i) is 
meant the <limimition found in the magnetic moment divided by the 
original value of the moment at atmospheric teinperaturo. This is multi¬ 
plied by 10*^ to avoid decimills. 

Table XU.—Mean Values of ( - xW* 

Tomprrature 2nd readirif^^lsf. «3rr1 reading —2nd. 3r<l w>adiug-l»t. 


“Hot” 

266 

95 

383 

“Meftii 

260 

75 

346 

“Col.l” 

166 

5(5 

229 

Mean of .1 atagos . 

231 

75 

319 


In one case only one cycle was taken. 

One cannot measure w acciu'ately to one part in 100,000, much less 
to one part m a million, so that a high degree of accuracy can hardly 
bo claimed for the above figures. It seems, however, perfectly clear 
that normally there is a loss of magnetic moment, but that at the same 
time the average loss is v^ery small 

These conclusions wore supported by a large number of other cases 
which I examined, though less carefully. 

On the average, according to Table XII, a complete temperatiu*e 
experiment causes a loss of aliout 0'04 per cent in the value of m, and 
of this loss much the greater part occurs during the first temperature 
cycle.* The true reversible temperature v^ariation of m during a cycle 
averages very sensibly over I per cent ; thus the shock effect can cause 
but little error in the values of q and m the avorsgo magnet. 

Cases occur, however, in which the loss of magnetic moment is very 
considerable, and the values of q and q' may have suffered in conse¬ 
quence. The property seems to depend on the tempering, not on the 
chemical character of the steel; for various magnets which have lieen 
rejected for defective retentiveness have l>ohavod normally after further 
treatment by the maker. 

In some of the experiments summarized in Table XII there was a 

* It in intended in future to he\e four temperature cyclae, dinearding the reeulte 
of the first cycle. 
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slight apparent increase of moment at one or more of the stages. In 
fact, in an old magnet not recently remagnetised, and in a new magnet 
which had been put through a previous temperature experiment only 
throe days before, the moment appeared greater on the thinl occurrence 
of the “ hot ” temperature than on the first. 

In investigating these permanent changes of magnetic moment I 
received valuable assistance from Mr K. S. AVhipplc, then iwsistant at 
Kow Olwervatory. 

§ 37. There are several other sources of uncertainty affecting tem¬ 
perature coefficients. Fur insttince, a small f.dl of temperature may 
not always have an effect exactly equal atnl opposite to that of an 
equal rise. 

Again, it is conceivable that the values of q and may depend to 
some extent on the age or strength of the magnet, and so may alter iii 
course of time. On this point 1 have some interesting ilata. 

In 1894 three collimator magnets after long alisence in Iiulia were 
sent to Kew Observatory to be reported on The opportunity was 
taken to redetermine their temperature coefficients—originally deter¬ 
mined in 1865—lieforo sending them for repair to the maker. After 
their return they wore remagnetisoil and tested as usual. 

Table XIII gives the values de<luood for 


1 dm ^ 
Hi (it 


7 + *2(/t 


t 

at O', 15', and 30" C , employing the values found for 7 and */, 


Table XIII 


Date. J 

Teniperaturo j 


1865. 



1804 

■■ 


1895 


V 

16® 

80° 

0® 

16® 


V 

16® 

30° 

Mnguet .. 

240 

264 

2S8 

252 

285 

318 

347 

363 

880 

» 11 . 1 

219 

234 

260 

158 

200 

243 

— 

— 

— 

n U1.1 

290 

369 

429 

327 

866 

405 

863 

407 

461 

Mean for all.j 

260 

286 

322 

246 

284 

822 

— 

— 


„ „ 1 and in. 

265 

312 

869 

289 

326 

362 

355 

386 

416 


/ 


Tabic XIV gives particulars as to the values of the moments of these 
magnets at the times of the temperature experiments, and the loss of 
moment which occurred lietwceii 1865 and 1894. 

The numbering of the magnets is arbitrary, but is the same in both 
tables. Magnet ii was discarded in 1894, being slightly chipped. It 
will be seen that the agreement between the moan temperature effects 
in 1865 and 1894 could hardly be better, notwithstanding the large 
diminution in the magnetic moments. 
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Table XIV. 


Magnet 

Moment in 
1865 

Moment in 
1894. 

Per i-enfc. losi 
in 29 years. 

' Moment m 
1895. 

\ 

Olid 

668 

89 

863 

11 

776 

464 

40 

■— 

1 111 

1 

9i5 

718 

24 

865 


Oil the other hand, the values found for and ([ in 11:^95—values 
based in each case on two consistent experiments—are unmistakably 
higher than those found in 1865 and 1894. There is no apparent 
reason for this except the fact that the magnets had been I'emagnetiseil. 
The makers, in reply to inqmnes, stated explicitly that “ the magnets 
. . . wore only cleaned.*’ 

We seem driven to the conclusion that whilst a gradual loss of mag¬ 
netic moment mny not appreciably influence the values of the tempera¬ 
ture coefficients, the remagnotiaation of a magnet docs influonco thoso 
coefficients, in at least some cases 

§ 38. ImliKtum —The method of determining /* has )x)en 

already described m S 3. There are here also several uncertainties. 

The assumption that the relation between the temporary moment 
and the field is stnctly linear nuiy not be sufficiently exact; 0*44 C.6.S. 
unit ifl a consKfcrably stronger field than Lord Rayleigh found to limit 
the linear part of his induction curves, and recent Gernniu oliservers 
seem disposed to narrow his limits. The accuracy of the assumption is 
doubtless less in some collimators than in others, but I have no data on 
M'hich to proceed. 

**Again, it IS o]icn to doubt wffiother a magnet p 08 sesse<l of a largo 
permanent moment responds equally to the action of two small fields, 
one tending to increase, the other tending to dimmish, the total 
moment. This uncertainty enters into the application of /a as well as 
into its original detormiuatiou. For in the vibration experiment the 
temporary ami per man out magnotisms are in the same sense, whereas 
m the deflection experiment they are in opposite senses. 

If the presence of a permanent magnetic moment influences the value 
of /*, then the value foimd at Kow, even if othenvise alwve ciitieiem, 
will presumably become less exact as the moment falls off. 

Another source of uncertainty is the probability that /a varies with 
the temperature. 

We can liest judge of the possible influence of these sources of uncer¬ 
tainty by reference to the formula 

* Lamont, * Handbuch des Erdmagnebiimua,' pp. 140 — 150 , lajs ;i ii leM for 
^rengtheuing than for weakening Aeldf, eepeoiallj when the permanent moment le 
very largo. 
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6X/X “ - S/uw*“* coeec tt - 

connecting the error 6X in X with the departures JS/x and S/x' of /x from 
its assumed value during the vibration and deflection experiments. 

As cosoo u exceeds 1, we see that if S/x and V be oqiuil, the first 
term on the right of the equation is the larger of the two; thus an 
error of given amount in /x has most effect in the vibration experiment. 

We have approximately 

cosec w = X/2»/, 

and putting r «= 30, we should find for an average collimator magnet 
at Kew 

i5X - “ 10“®{203/x + 7V)» *^Ppro\' 

The average value of /x m Table I is 5*85, thus if ^J/x and 6/ix' ex¬ 
ceeded 3 per cent, of the value of /x the consequent error in X would 
become sensible. 

A change of 30° C. in temperature seldom alters m by more than 
2 per cent, so in temperate regions the neglect of temperature varia¬ 
tion in /X seems hardly likely to lead to error, unless of course tom 
porary magnetism is more susceptible to temperature changes thah 
permanent magnetism. 

In tropical countries the neglect is likely to be more serious. 

[Since this paper was wntton, Professor Mascart, in * Terrestrial 
Magnetism,’ has called attention to a source of uncertainty which I had 
supposed negligible. He points out that in the vibration experiment 
the proper induction coefficient is really /x - r, where /x has the meaning 
Attached to it here, while v is the coefficient of induction for a magnetic 
field perpendicular to the magnet’s length. Professor Mascart describes 
a method of determining experimentally ft, r, and /x'—the coefficient 
when temporary and permanent longitudinal raagnetisationB are opposed. 
The method is, he says, easily applied and the results consistent; but 
the apparatus required seems a little complicated. Professor Mascart 
quotes no numerical results. 

In the Kew pattern collimator magnet I should anticipate v//x to be 
small, but it may not be negligible. Experimental investigation of the 
point is certainly desirable.] 

Asymmetry in Magnch. 

§ 39. In the deflection experiment it is customary to describe the 
c<kllimator magnet as being on the east or wed side of the mirror magnet, 
and as having its north pole east or west The directions are not strictly 
oast and west, but perpendicular to the mirror magnet, as deflected out 
of the magnetic meridian. As the sense intended, however, is quite 
clear, I shall employ the usual terminology. 
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In the accompaiipng figure, which is not drawn to scale, W and E 
represent the “ west" and “ oast ** ends of the graduated hiw on which 


W 


7 


poxt 


1 


3 


P0X4 

■■■■■■■/y 


w 


0 


s 


poa 9 

iy 


i 


slides the frame c*arr 3 ung the collimator magnet* The graduations run 
in both directions from O, the centre of the bar. The centre of the 
mirror magnet should lie on the vertical lino through O, and also on 
the horizontal line which is the prolongation of the magnetic axis of the 
collimator NS. The figure shows the collimator magnet in the four posi¬ 
tions which it occupies during the deflections made at one of the two 
distances, say 30 cm. Supposing a 30 cm deflection to 1)6 the first of 
the day, the fotu* positions are assumed in the order 1, 2, 3, 4. It is 
the nile at Kew Observatory that if a 30 cm, observation takes pre¬ 
cedence on a given occasion, then a 40 cm. observation has precedence 
on the next On the socoiul occasion the four 30 cm. positions occur 
in the order 2, 1, 4, 3. The object is very probably to eliminate so far 
as possible the influence of changes of force or temperature on the- 
value of P, which is calculated from a largo numlier of observations. 

8 40. If there were perfect symmetry one should have identical read¬ 
ings in positions 1 and 4, and again in positions 2 and 3. But, in 
reality, agreement in those readings is wholly exceptional. To elimi¬ 
nate the disturbing influence of observational errors and changes in 
force a number of deflection experiments are necessary. Thus, the 
only case in which I have had the data requisite for an exhaustive study 
is that of the Kow unifllar itself. 

In this instance the phenomena seem adequately explaino^l by the 
hypothesis of the existence of such asymmetry as we should anticipate 
h priati. 

It is doubtless the aim of the maker to fit the suspension tube so that 
the centre of the mirror magnet and the centre, or zero, of the graduated 
bar in the deflection experiment shall lie in a vertical piano perpendi¬ 
cular to the bar; but complete success is unlikely to attend his at¬ 
tempts. Accordingly, my hrst assumption is that the centre of the 
mirror magnet is really at a distance counted positive towards the 
“ east,” from the vertical plane perpendicular to the bar through the 
centre 0. 

The frame carrying the collimator magnet has a fiducial mark at the 
centre of its edge, which is set during the deflection experiment at the 
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diriaion 30 or 40 cm. on the bar. From the centre of the upper edge 
of the frame a pillar extendn vertically upwards, so as to fit into the 
hollow shank which forms part of the appendages of the collimator 
magnet. The vortical plane perpendicular to the Iwr through the 
fiducial mark should contain the centre of the vertical pillar and also 
that of the magnet. Supposing the frame to have fiducial marks on 
both sides, and that these agree, one can test the existence of the fii'st 
possible cause of asymmetry by turning the frame end for end, keep¬ 
ing the direction of the magnet unchanged ^ the a/imuth of the mirror 
magnet will serve as a cntenon This kind of twymnietry has not lanm 
detected in the Kew unifilar, and if existent its inlluenco would bo 
nearly eliminated in a large numl)cr of ol)serv{ition8 in which either 
position of the sliding frame occurred pronuscuously. The existence 
of the second species of asymmetry is less easily tested, but is more 
probable d jniari. Acconlingly my second assumption is that during 
the deflection experiments the ceiitie of the magnet is at a distance y 
from the vertical piano which |)asses through the fiducial maik, and is 
perpendicular to the magnets length. Here // is counted positive 
when the magnet’s centre and north ixilo are on the same side of the 
fiducial mark. 

§ 41 On these two hypotheses it is olnious from fig. 1, that when 
the apparent distaiico Ijotweon the centies of the magnets is /, the true 
distaucea are as follows .— 

Posifeion. 1 2 3 4. 

True distance . . . ?+//-: / -//-r /+//+T ?*-y+r. 

Now suppose that a and n + are the deflection angles of the 
mirror magnet answering to the tiuo distHiices i and Then, 

according to the first approximation fumula, 

{i — t^ainu, 

whence, neglecting squares ami products of and *5/, wo have 

Sa = -3>“Uan«8/ . (10). 

In what follows I employ u when r — 30 cm., and when r - 40' 
cm., and distinguish the several positions of fig. 1 i»y suffixes, 

Seferring to the scheme of values of & given alwvo, i\e find— 



Position 1. > 

Position 2 

Swi — 

- iV(y 

fi".’ •” iVOz+Ot***'"! 

=3 




Foution 8. 

Position 4, 

Sws »= 


f"4 = TV(y-0tonw, 

Su's « 

-1 IT (y+*)<»*“*'• 

Su'* = O' 
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Whence 

Su 4 -8itx - J (y - :) tan - Stts «- J (y + ?) tan w, 

Su *4 - &t'j = (y - :) tan ii\ 5«'a - * /o (^ + ^) tan u\ 

The mean results from the thirty-nine absolute determinations of 
horizontal force made with the Kcw unifilar in 1892, wore as follows:— 

^i(4 - fitti - Sllfi Stl\ - &u\ Bit'o - 5 h ' 8 . 

10' 22". 27' 29". 3' 1". 8' 25". 

Also, approximately, 

ti *= 15’ 30', «' C“ 30'. 

Thence we have— 

From obienationi at 30 cm. | From obiervatioiu at iO cm. 
jv + X - 6 X 3*606 X 0*00799 » 0144 om , .y-h 2 - 6‘G x 8 777 x 0*00215 - 0143 cm , 
^-2-5x8606x0*00302-0054 „ .y-z - 66 x 8*777xO’00086 -0*062 „ 
whence whence 

y — 0*099 cm. £ — 0 045 cm. y ■** 0 098 cm. z — 0*045 cm. 

If the hypotheses on which tho calculations arc based are incorrect, 
the agreement between the two sets of values found for y and z is cer¬ 
tainly remarkable. 

I repeated the calculations for the data from the same unihlar in 
1893, and again tho two sets of values for // and z wore in excellent 
agreement, the moans being 

y — 0*095 cm., z = 0*039 cm. 

§ 42. (^onaequences of A^ymmpinj ,—Using tho first approximation 
formula, we have of course when we neglect and 

5^14* 3^2 + 8?#3 + 6/^4 s* 0. 

Thus to estimate tho size of tho error we must go as far as squares 
and products of small quantities, replacing (10) by 

^ tan M& + J tan - 3r”“ tan »t8/*2.., (H). 

Substituting the first approximation value for 8u/8/ in the small 
terms in the usual way, we find 

E/it a -3r"Hanw8r + S tan w (3 tRn2f^ +4) . ^12). 

Taking r — 30, and ascribing to 8r in succession the values corre¬ 
sponding to the four positions, I find on reduction 

J(8111-b6rt2 + ^8 + ffJstan«( 3 tan*w + 4 )(y 2 -i- 2 f^) ... ( 13 ).* 

* The method foll6wed above hai the advantage of leading directly to the volno 
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Taking the data for the Kew unlfllar in 1892, we find 
= 23 >c lO"* (or about 48"). 

Now is the error, in circular measure, in the obser\ od deflection v, 
and the consequent error in the horizontal force, deduced from the 
relation 

X'^s’nM « constant,* 

is 8X = -JXcotttSfl . (14). 

In the csEO of the Kcw uinfilar, we ha\o approximately 
X == 0*183, cotw = 3 61, 
whence 5X = - 0 0000076 C.Q.S., approx. 

Thus the error is nearly one unit in the lost significant figure. As 
the error varies as it would become of very sensible magni¬ 

tude if y and z were twice or thrice as large as in the Kew unifilar. If 
I may judge from the figures recorded of unifilars under examination at 
the Ol)servatory, such large values of y and z really exist. 

The source of error just conbidorod alters the observed deflections 
at 30 and 40 cm. m the same sense, and seems unlikely to exert an 
appreciable influence on the value of P. 

S 43. Causes of jisi/ninietiy, —A collimator magnet ought to bo ad¬ 
justed in Its stirrup until it is exactly horizontal in the vibration 
experiment. The magnetic forces acting on it tend, in this magnetic 
hemisphere, to pull the north pole down, and consequently the centre 
of gravity of the composite body composed of magnet and appendages 
must be out of the vertical, which is the prolongation of the suspend¬ 
ing fibre, and on the same side of it os the south pole. If the stirrup 
is symmetrical, and if the lens and scale of the magnet are equal in 
weight and symmetrically situated, then the C.G. of the magnet itself 
must, in this hemisphere, lie on the same side of the suspending fibre 
as tho south polo. 

Now tho suspending fibre in the vibration experiment, if protUiced, 
should cut tho magnetic axis at the same point as it is cut in the 
deflection experiment] by tho vertical piano which is perpendicular to 
tho magnet, and contains tho fiducial mark on tho sliding frame. 

Thus in a perfectly symmotrical magnet the middle point of the 
magnet's length, and so the middle point of tho line joining the “ poles ” 
(assuming magnetic symmetry) must lie on one side of the fiducial 
mark, and so of the graduation on the bar which coincides with it. 

Galling the error thus introduced in tho distance r between the 

of Bu, a quantity wliosa phyitcal •igmficance it eaijily grasped. But a sufficiently 
exact value of can be obtained more tun ply from iho relation (#* + 8r)* (X + SX)* 
- r»XS (see (4)). 

voi/. IXV. 2 H 
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magnets’ centres measured as in § 40, we can find its value if we 
know the circumstances of the case. Thus suppose the magnet to have 
a moment 840 and to weigh, with lens and scale, 30 grams; then at 
a place whore g (gravity) is 980, and the vertical magnetic force is 
0*44, we have 

- y - (840 X 0*44) -- (980 x 30) =- 0*013 cm., approx. 

The value thus found for y is not only much loss numencally, but 
even opposite in sign to the value calculated for the Kow colbmator 
magnet in § 41. There is nothing surprising in this, because the per¬ 
fect symmetry which our last calculation assumes in the magnet and its 
appendages is a remote probability. For instance, the lens and scale 
of the magnet, in the only aiso where I had them weighed, differed by 
nearly half a gram. If other things were symmetneal this alone 
would remove the C.G. nearly 0 08 cm. from the symmetneal position. 

Mechanical asymmetry might arise in many other ways. The 
magnet itself, for instance, might be slightly conical. 

It IS also at least conceivable that magnetic asymmetry may exist. 
If a magnet were conical, or had one end tempered differently from 
the other, I see no reason to expect its poles ” to be equidistant from 
the middle point of its length. 

§ 44. Whilst numerous causes may contribute to the asymmetrical 
displacement denoted by y, the first mentioned appears the most 
interesting. Not merely is it, as we have seen, unavoidable, but it 
varies if either m or the vertical force alters. 

The vertical force on the earth’s surface varies from about + 0*6 to 
-0 6 e.G.S unit. Thus if the typical magnet above considered wore 
adjusted so as to be horizontal under the one limiting force, it would 
have to be shifted about 0*034 cm. in its stirrup to become horizontal 
under the other. 

The shifting in the stirrup entailed by this vanable cause of 
asymmetry slightly affects the moment of inertia. For instance if the 
symmetrical magnet considered alwve, for which y « 0 013 cm. at 
Kow, were used in a tropical station whore the vertical force vanished, 
y should be re<Iucod to 0, and the consequent change in moment of 
inertia would be 

3K = - 30 (0*013)2 =■ - 0*006 C.G.S. unit, approx. 

The mean K in Table I is 2711/^2, or 274 approximately; and with 
these values 

6K/K = - 2 X 10'®, approx. 

Supposing no allowance made for this, the consequent error in X 
would be 


8X - -Xxl0“». 
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This woiild hardly be sensible supposing X measured as usual to five 
significant figures. It might happen however that owing to asymmetry 
in the stirrup the C G. of the magnet—with scale and lens—had to lie, 
in the absence of vertical force, at a distance comparable with 1 mm. 
on one side of the suspension fibre. Under such circumstances the 
change in the moment of inertia when the vertical force altered from 
0*44 to 0 would exceed that calculated above in the ratio 

2(Z ; 0*013. 

As perfect mechanical symmetry must be the exception, wo see that 
this source of uncertainty is likely to bo considerably nioie serious 
than might be supposed from our first example. 

The above considerations may suggest that shifting the collimator 
magnet in its stirrup is a mistake. If, however, this is not done w'hen 
I'equired to keep the magnet horizontal, the magnet and appendages 
must tilt over slightly. This not only altera the moment of inertia, 
but likewise prevents the magnetic couple in the vibration oxpenraont 
from having its proper value. 

The source of trouble we have just lieen considering is distinctly 
exceptional in this respect, that it is most serious in magnets of large 
magnetic moment. 


Imc of Adion hetimn Ma{/neh, 

§ 45 The formula 

couple = 2mni‘r^ (1 + P/ + 0/“* +.) 

assumes that the centre of the mirror magnet lies on the prolongation 
of the axis of the collimator magnet, and that the axes of the two 
magnets are perpendicular to one another. With the magnets in the 
position supposed, it is not difficult to calculate the values of P and Q, 
if we can regard a magnet as consisting of tw'o equal and opposite 
“ poles,” the product of whose distance into the strength of cither con¬ 
stitutes the magnetic moment Thus if 2X and 2X' be the distances 
between the poles of the collimator and mirror magnets respectively, 
Ifind 


couple — 

2mmV-» {1 + (2X2 ^ 3X'2) ,-2 + |(8X* - 40X2^2 + 15V*); 

so that P = 2X2 - 3X'9 

Q « 3 (8X* - 40X2V2 + 16V*)/8 J 


-*+ . } 

.... (16), 

. (16). 


When r — 30 cm. 


Pr-* 

Qr-« 


(2X*-3X'3)/900 -i 

(8\« - 40X«X'*+16\'<) 10-«/216 J . 

2 H 2 


( 17 ). 
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Wc havo P « 0 when X'/A. « ^/^ m 0*8165, approx., 

Q - 0 „ XyX 0*467, approx. 

Wc can thus make either P or Q vanish, but not both simultaneously. 
When P 0, 

Q = -9XV2. 

§ 46. Both collimator and imrror magnets are comparatively ** short,” 
% r., their lengths are only about ten times thoir diameters. In such 
magnets wo should expect, according to Coulomb, 

2X =. 2//3, 2X' = 2r/3, 

where I and V arc the lengths ol the magnets. The formulae by Green, 
Jumin, and others are more complicated. 

Perhaps all wo are justified in saying, cl pnmi, is that X and X'cannot 
exceed 1/2 and 1/2^ and that the collimator and mirror magnets are 
sufficiently similar m pattern to make it prolmblo that the assumption 

V/X = r/i 

is not far wrong 

To throw some light on the question, I had measuromonta made of 
the magnets of the Kew unitilar and of a unifilar of class E The Kew 
unihlar belongs to group B, and lU P is negative but exceptionally 
small. The instruments of group E arc, as wo have already seen, 
exceptionally uniform in character, and invariably have their P large 
anti positive. 

Tlie results wore as follows, lengths being in centimetres, 


Unifilar, 

L 

1'. I'll 

Kew, group B 

. . 9*35 

7-60 0-81 

n E 

. 9*17 

6 35 0 69 

Supposing X'/X /'//, we should have in these two cases 

aVa. 

P/A». 

Q/x‘. 

0*81 

000 

-4-4 

0*69 

+ 0 57 

-2-9 


These figures, taken in conjunction with our previous (Lita, are on 
the whole distinctly favourable to the hypothesis 

2kjl — 2k*jV = n (a constant) . (18) 

Accepting this hy|)othesis provisonally, I had the curiosity to see what 
value wo should obtain for n by ascribing to P the moan value found 
ioi iinifilara of group E, taking for I and V the values quoted above for 
a unifilar of that group. 
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Equating to one another the two values of Pr~^ at 30 cm., the one as 
given above, the other as given in Table 1, wo have 

0-67X2 X 30-2 = 655 x 10-\ 

Thus X = 3*21, approx, 

and BO ft = 2kjl 

= 6*24-T-9*17 0 67, approx. 

The practically exact agreement with Coulomb’s relation 

2X = 2^/3 


seems to warrant the conclusion that if wo employ this relation in 
calculating Q the result is likely to be of at least the right order of 
magnitude. 

On this hypothesis, taking the values 9 35 and 9*17 for /, a's fairly 
representative of the two groups, we have with i ^ 30 cm , 

Probable value of Q> in unifilar of group B = - 5 x lO"'*, approx. 

„ „ „ E - -3x10“^ „ 

Assuming the value of P to be correctly determined, the error in X 
due to the omission of the Q term is given by 

5X/X - - iQ/30<. 

Taking the numerical values fouinl above for Q, we should have 
when X “ 0 18— * 

For moan unifilar of gioup B, 3X - +5x10^, approx. 

„ „ ,, It, ftX — 4* 3 X 10 ,, 

There is admittedly much uncertainty in these numerical estimates, 
but they undoubtedly indicate that the neglect of Q requires justifi¬ 
cation. 

If the Q term is not negligible then the ordinary method, which 
assumes that the P term is the solo cause of the diflerenco between the 
two values of m/X, given by the first approximation formula with 
r =1 30 and r = 40, must lead to a wrong value for P. 

Now the P correction does not strike a mean between the results at 
30 and 40 cm., but adds to or subtracts from both values of fti/X. 
Thus the indirect consequences of neglecting Q may be as important as 
the direct. 

[Lament, in his *Handbuch des Erdmagnetisrous' (Berlin 1849), dis¬ 
cusses the general case of the action of one magnet on another, the 
distribution of “ free ” magnetism being arbitrary. The results (16) for 
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P and Q, though apparently not given explicitly by Lament, could be 
easily deduced from his general formulfle, see especially his pp, 44 and 
45. Dr. C. Borgon, in ‘Terrestrial Magnetism,* Octofier, 1896, pp 
176-190^ cames Lfamout's formulffl somewhat farther. The position 
taken by the two magnets in the deflection experiment is that termed 
by Bergen “Erste Lainont'scho Hanptlage.*’ According to Lamont^s 
formula?, the relative importance of Q, and the values of Vjl^ for which 
P and Q vanish, must vary according to the law of distnlmtion of free 
magnetism At the same time, it would appear that so long as the law 
of distribution is the same for the two magnotp, the conditions for P 
vanishing is hardly likely to depart much from 

Vjl = 

The idea adopted in the text of assuming “ poles,” and’proceeding on 
the hypothesis 

2X// = constant, 

is one of which Lament says on his p 45, “ Dies ist ein sohr nutzlichor 
Mittel mn approximativ den Worth dcr hoheren Qlieder zu bostim- 
men .** Thus, though not new, as 1 had supiiosed, it has the 
advantage of being recommended by one of the leading pioneers of 
terrestrial magnetism.] 

§ 47 The exact symmetry in the position of the two magnets which 
is postulated in obtaining the formula for the ileflection is rather to be 
hoped for than expected. For instance, the magnetic centre of the 
muTor magnet is hardly likely to ho exactly on the prolongation of the 
magnetic axis of the collimator magnet, nor is the magnetic axis of the 
mirror magnet likely to be exactly normal to the mirror I have, how¬ 
ever, no experimental data heanng on either of these points. 

§ 48. The present papier may seem premature, in view of the number 
of questions which it raises without finally answering. To wait, how¬ 
ever, until expienment had given a final answer to all the questions 
would simply mean shelving the whole subject indefinitely. Many of 
the questions could bo satisfactorily dealt with only by elaborate experi¬ 
ments. Such experiments are hardly likely to be earned out at any 
public institution, within a reasonable time, until the necessity for them 
has been clearly demonstrated. 

The investigations embodied in this piaper have extended over 
several years, and the results obtained are likely, I think, to be of 
immediate use. 

The unifilar magnetometer is not the only instrument cap)able of 
measuring the honzontal force. Induction coil methods have of late 
years been introduced and advocated by eminent authorities. The 
question of the relative merits of magnetometers and induction coils is 
very likely, I think, to come to the front in a few years, and it is hardly 
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likely to be adequately considered unless the sources of weakness in 
the respective methods are clearly understood. 

Again, there has been an increasing tendency of late years, in 
most lines of physical research, to iwld figure to figure, and to aim 
at higher accuracy, or at least the appearance of higher accu¬ 
racy. If people were content with giving magnetic force to four 
significant figures, the majority of the sources of uncertainty 
specified in this paper need aWriken little apprehension. But now-a 
tlays hardly any one is content with less than five significant figures, 
and one occasionally secs six I am not prepared to say that the reten¬ 
tion of SIX figures is indefensible in the case of open range magneto- 
graphs, when it is clearly understood that only are concerned, 

but I do think that with umfilars of the Kew jwttern, ns hitherto mfide, 
the least probable error we can reasonalily bxpcct in an absolute 
measurement is two or three units in the fifth significant figure. 

§ 49. Wo have seen that there is every reason to expect that the values 
of the horizontal force given by a unifilar are in error to a different extent, 
according to the temperature and the magnitude of the force. This 
must introduce a source of uncertainty into the compansons effected 
between uiufihirs at distant observatones through the intermediary of 
a travelling uistramont. To adequately forewarn those engaged m 
fluch comparisons may be to put them m a position to obtain more 
flntisfiuJtory results. 

§ 50. For the opinions expressed in this piper, and for the accuracy 
of its conclusions, I am alone responsible; but it is only proper that I 
should acknowledge the valuable assistance given me by Mr. T. W. 
Baker, Chief Assistant at the Kew Olworvatory. For many years 
Mr. Baker has taken the gi*oat majority of magnetic force observations 
at Kew, and his experience in dctcnnining the “ constants ” of collima¬ 
tor magnets is probably quite umque. Mr. Baker has always been 
ready to place his greiit practical knowledge of the subject freely at my 
disposal, and 1 have also to thunk him for carefully carrying out a 
variety of special experiments, made to eliicid/ito doubtful points at 
various stages of the inquiry. 


‘*The Absorption of Eontgen’s Eays by Aqueous Solutions of 
Metallic Salts.” By the Eight Honourable IjOKD Blyths- 
WOOD, LL.H., and E. W. Mahchant, D.Sc. Communicated by 
Lord Kelvin, F.ES. Keceived March 11,—Eead Juno 15, 
1899. 

The absorption of X rays by metallic salts is a subject that has not 
received very much attention up to the present time, although it 
appears to be of considerable importance. It seemed possible that if the 
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abaorption were atomic, that ia if the absorption of the rays were no6 
produced so much by the nature of the molecule as by the constituents 
of the molecule, there ought to be some simple relation between the 
absorbing ]^)ower6 of salts having the same acid radicle. This investi¬ 
gation, however, was originally suggested with a view to finding out 
whether the very great difference in the transparency of individuals to 
Kontgen rays might not bo caused by an excess of some salt in tho 
composition of the blood or muscular tissue.^ Some results have been 
obtained by different experimenters, the most exhaustive treatment of 
the subject up to the present having been given by Dr. Gladstone and 
Mr Ilibbort (B.A. Reports, Section B, 1896, 1897, 1898).t They 
found that the physical condition of the absorbing substance (whether 
solid or liquid) produced no very maikod differences, also that the 
absorption of a mixture of salts was the same as that of the double salt 
in the same state of division, and that the change in atomicity of the 
absorbing substance produced no appreciable effect, also that the total 
absorption produced by a solution was the sum of the absoiptions of 
the salt and its solvent. 

They also found that the absorptive power depended on the atomic 
weight and not on the density or combining proportions, using an 
aluminium stepped scale they found that the absorption appeared 
increase logarithmically with the thickness of aluminium traversed. 
The same experimenters hfvvo also examined the absorptive power of 
various metals and metallic salts, and have compared that of different 
acid radicles. Before, however, their results were published the 
present investigation was taken up, and the results ol>tainod appear to 
be of considerable interest Similar results have Ixjeri obtained by 
several others, J but all are included m the more exhaustive work of 
Dr. Gladstone and Mr Ilibbert, 

The groat difficulty found in the in\ ostigation was the obtaining of 
quantitative results, as, although it is a comparatively simple matter to 
obtain approximate (pialitativo results, it is much more difficult to 
obtain even approximately accurate quantitative values. The only 
method which appeared to offer much prospect of success was a photo¬ 
graphic one, and all the values given below have been obtained photo- 
graphiciilly 

The first method adopted was to place two cells made of thin glass 
in front of two holes cut in a thick lead sheet, one cell being filled with 
water and the other with the solution to be tested, the photographic 

• Cf, Bouchard, ‘ Comptes Kondn*,’ vol 123, pp. 907 and 1012. 

f * Chemical News,* Not. 13, 1606, and Oot 21, 1898. 

X Meslanfl, ‘Coinptei Henduj,' vol 122, p. 307; Bleunard and Lableflso, ihid,^ 
Tol. 122, pp. 627 uud 723; Van Aubel, *Jour de Phyaique,' toI 6, p 511 r Novak 
and Siilo, * BeibUtter,* vol. 20, part 6, p. 414; F. B4, *£lettrioLta’ (Milan), pp, 
261-264 (1698). 
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plate was placed behind the lead sheet, and exposed generally for ten 
minutes to the rays* The tube was placed in such a position that the 
anti-cathode was in the normal drawn to the photographic plate from 
the point midway between the two holes, and was 12 inches distant 
from it. The plates, after development, were placed in the photometer^ 
and the relative intensities of the two spots compared, the arrangement 
adopted being that shown below, fig 1, in which the two spots weno- 
illuminated by the light fi om two candles 


Fig 1. 



m ems 


A ground glass screen Mas placed behind the plate to obtain unifoni^ 
illumination of the spots. It was found with this arrangement that 
the relative intensities could ho determined with considerable accuracy, 
but that the relative intensities depended to a ceitain extent on tho 
time of development, as has also been noticed by Hurtcr and DnffiebU 
Another disadvantage of this method was that the allowance that had 
to be made for tho absorption of tho glass was a comparatively large 
one with many solutions, and that tho error incident on tho determina- 
tion of this correction Wfis such as to materially altoi the relative 
alisorbing powers Thus if a be the percentage of absorption due to 
tho glass of the cells (which was within limits of expenmontal erroi* 
equal for the two cells employed), b that duo to the water in one cell, 
and 6 + c that due to the solution in the other coll, c being supposed to 
be that part of the absorption due to the presence of the dissolved salt, 
tho ratio uctiuilly observed m this method by comparing the intensities 
of the two spots is— 

a + b + c ^ absorptio n due t o t he cel l and di ssolved salt 
a + b absorption duo to the cell and water 

If therefore c is small compared with b or a, tho accuracy attainable is 
very much reduced. For very absorbent substances, however, this 
method gave fairly good results. 

A very important question m connection with this investigation was 
the standard with which all these aqueous solutions were to be com- 
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pared. It seemed most satisfactory, since all the solutions that were 
tested were aqueous, to choose water for the standard absorber, and all 
numbers given are relatively to water. 

Now, to determine the relative absorbing power of the salt in solu¬ 
tion, compared with the absorbing power of water, we may consider 
the absorption of the solution to bo split up into two parts, one due to 
the absorption of the water of which the solution is made up, and the 
other part duo to the salt dissolved. 

Now, as above, lot a ^ percentage al«orption duo to cell, h = per¬ 
centage absorption due to the water, c = percentage absorption due to 
the salt. Then first coniparing the intensities of two spots, as above, 
one obtained through an empty cell and one through a cell filled with 
water, we have 


Then, comparing the in tensities of two spots, one obtained through a 
coll filled with water, and the other through a cell filled with the 
solution, we have 


ff + + c 

it b 


= Kj (say), 


r - (a+/.)(K,-l), 


and substituting for r/, wo have 

• Ki-l ’ 

'■ - 

l'<~ (K,- 1) ' 


The assumption here made is that the intensity of the black spot on 
, the negative is proportional to the intensity of the light falling on it. 

With the cells usikI Ki = 17. 

The second method used for the determination of the relative 
, absorbing powers, was based on the fact that the amount of absorption 
of any substance vanes with the thickness of the layer traversed by 
the ray. 

The arrangement of the apparatus was as shown in fig. 2. 

EE is a wooden base supporting the two uprights HH, to which is 
attached a thick lead sheet (shaded diagonally in the figure). In the 
uprights, HH, three grooves are cut, into which fit the bases of the 
three cells, 1, 2, 3, which are thus supported one above the other on 
their wooden stand. The cells 1 and 3 are wedge-shaped, being 
137 mm. long, and 20 mm. wide at the broadest part, sloping away to 
nothing at the thin end of the wedge. The cells are about 26 mm. 
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deep. The middle cell 2 (above) is oblong in shape, 1>eing 137 mm 
long by 20 mm. wide. All the cells are made of paraffined mahogany 
about 1’6 mm. thick. On the other side of the load sheet the dark 
slide containing the plate is placed, stops being arranged so that the 
plate is always in the same position relatively to the weilgos. 


Fra. 2. 





Opposite the cells three oblong holes 115 mm long by 20 mm. wide 
are cut in the lead sheet, so as to allow the rays to fall on the photo¬ 
graphic plate; the focus tube used was placed 300 mm distant from the 
plate, and was arrange^l so that the centre of the reflector or anti- 
cathode was opposite the middle of the centre hole in the lead. 

In an experiment the two wedge shaped cells 1 and 3 were fillerl 
with the solutions that required testing, while the mi<ldlo cell 2 was 
filled with water It was found that the interibity of the radiation 
from the tube w«as very nearly constant over the whole plane of the 
plate, the variation in intensity of the stiip obtainctl opposite the 
middle slit varying very httlc from one side to the other Also, no 
difference could be perceived when the colls 1 and 3 wore filled with 
the same liquid, thus showing that the variation in the vortical <lircc- 
tion was negligible 

In all experiments the same focus tube was usoil, the intensity of the 
X rays being adjusted by heating To give an idea of the penetrative 
power of the rays used, it may be stated that at a distance of 12 inches 
from the tube, the bones of the hand were clearly visilde on a fluorescent 
screen, while the flesh still appeared dark. By this very rough test 
the tube was brought os nearly as possible to the same coiifhtion for 
each experiment. It was found, however, that the use of different 
penetrative powers had very little effect on tho ^elahve absorbing 
powers of the solutions, though the actual intensity of the rays was 
greatly altered. In all experiments the plates used were Edwards' 
**Cathodal Plates” (5 inches by 4 inches); they were developed by 
hydrokinone and potassium carbonate in from ton to twelve minutes 
during the warm weather, the time necessary being increased during the 
colder months. 
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Now to determine the absorbing powers by measurement of these 
plates, a special form of photometer was devised for the purpose, aa 
shown below, fig. 3. 

Fia. 8.—Plu. 
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A A ]8 a piece of wood about 10 inches by 6 inches, fixed to the l>aso 
BB, and fitted at the back with giooves, so that a plate can slide from 
one end to the other along the grooves, figs. 3 and 4. G is a vortical 
slot cut m the wood, into which a diaphragm is fitted, pierced by 
three narrow slits, as shown in fig. 4, special precautions being taken 
that the three slits were all of the same width (0 5 mm,); H is a 
horizontal slot, cut as shown, to the bevel side of which a scale, SS, ia 
attached. CC, fig 3, is a blackened screen, placed so as to screen the 
eye from all light, except that which appears at the slits in G. 

A piece of ground glass or white paper was placed behind the slit 
so as to form a uniformly illuminated background. 

The plate was shifted along its slide until the intensity of the illumi* 
nation of the slits 1 and 2 (say) was equal, the reading on the scale 
opposite the edge of the plate was then noted, a series of values was 
taken and the mean value calculated. The scale was so placed that 
the scale reading gave the distance from the end of the strip cone- 
















Absorption of Bontgen^s Bays by Solutions of Metallie Salts, 419 

•ponding to the thin edge of the wedge in the photographing apparatua, 
in temiB of the whole length of the wedge. 


Itevilts, 



Weight (in grams) of 
anhydrous salt in 

100 c 0 of normal 
solution 

Tliicknrss (in mm ) of 
normal solution neces¬ 
sary to produoe the 
same absorption as 
20 mm. of water. 

Bromides — 

Magnesium. 

9 3 

6*2 

Calcium. 

10 0 

6-5 

Sodium . 

10*3 

6*0 

Iron (Ferrow) .... 

10 8 

4 8 

Cadmium. 

13*8 

4*1 

Potassium.. 

11 9 

4 1 

Ammonium. 

9 8 

4*1 

Zinc. 

11 3 

2 0 


Theio rfdiilts wore obtained by method 2. The nbiorptiou both of these and of 
the iodides is rather too high to make groat aocuraoj possible. 



Chlorides — 
Lithium .... 
Sodium .... 
Potassium .. 
Ammonium . 
Magnesium.. 
Calcium .... 

^balt. 

Iron (Kerrio) 

Nickel. 

Zino. 

Copper. 

Strontium... 
Banum. ... 
Cadmium... 
Lead. 


Iodides •— 
Magnesium.. 
Calcium . •.. 
Sodium... •, 

Zinc. 

Ammonium . 
Potafsium. • 
Cadmium.. 


Weight (in grams) of 
anhydrous salt in 
100 c.c of normal 
solution. 


4 3 

6*9 
7 5 

6- 3 
4*8 
6-6 
0*5 
6*4 
6*6 
0 8 
6*7 

7- 9 
10 1 

9 1 
18-9 


la 8 
14 6 
14*9 
16 *9 
14 4 
16*5 
18*8 


Thickness (in mm ) of 
normal Molution noces- 
i»ary to produce the 
same ab^rption os 
20 mm. ot aatur. 


18 I 
18 0 
17 8 
15 I 
IH 4 
11 2 
9*0 
8 3 
8*3 
8 3 

7 2 

8 3 

5 4 

6 3 
2 6 


3 6 
3 4 
3*1 
8*9 
3*9 
8-8 
1 9 
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Weight (in grmmi^ of 
anh} droui salt in 

100 c.o. of normal 
solution. 

Acetates *— 


Aluminium (ponder)... 

6 8 

Iron (powder). 

8*7 

Calcium. 

7 9 

Potassium. 

9 8 

Barium... 

12-7 

Cupper... 

9*0 

Lead. 

16 *2 

Nitrates 


Aluminium. 

7-1 

Magnesium. 

7*4 

Calcium. 

8*2 

Potassium. 

10*1 

Cobalt. 

9*1 

Nickel. 

0-1 

Zinc. 

9*4 

Copper.. 

9 8 

Barium. 

13 *0 

Strontium*.# 

10*6 

Cadmium. 

11*8 

licad.. 

16*5 

Uranium... 

14*2 

Sulphates i— 


Aluminum]. 

6*7 

Magnesium. 

6*0 

Sodium... 

7*1 

Ammonium. 

6 6 

Cobalt. 

7*7 

Iron (Ferrous). 

7*6 

Copper . 

7*9 

Nickel. 

7*7 

Zinc.... 

8-0 

Cadmium . 

10*4 

Carbonates * 


Ammonium... 

4*8 

Sodium. 

5*3 

Bichromates i— 


Ammonium. 

12*6 

Potassium (saturated 


solution)... 

• • 

Potassium chromate ... t. 

9*7 


TliiokneM (in mm.) of 
normal solution neoei. 
MU 7 to produce the 
tame absorption as 
SO mm. of water. 


16 *0 
10 0 
10 ‘8 
0‘4 
8*2 
7*0 
2*0 


17*0 
15*2 
IS 4 
10*8 
10 6 
8*8 
7 6 

7 8 
6*7 
5*8 
6*5 

8 1 
1*0 


16*0 

15*2 

18*5 

18*0 

8*9 

8*0 

7*1 

7*0 

6*8 

4*6 


18 0 
18 2 


7*8 

8*8 

7*8 


Now proceeding to a coneidcration of the reeults obtained, it is at 
once clear that the absorption, in almost every case, in these normal 
solutions, increases with the atomic weight, i.e,, the higher the atomic 


* This salt contained a good deal of impurity, and the value given is therefore 
doubtfuU 
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weight of the elements of which a salt is composed the greater is th6' 
absorption. This effect is most noticeable in the case of bromides and* 
iodides.^ In all cases these salts are abaorl^ent, even when the 
bromine and iodine are combined with the transparent sodium' 
and magnesium. The iodides also are more absorbent than the' 
bromides. 

Now proceeding to the consideration of the absorption produced by 
salts with other acid radicles, the differences are not so marked, but in 
all cases the least absorbent salt is the nitrate, the next the chloride, 
the most absorbent being the sulphate, this does not agree with the 
order of increase of the molecular densities, or of the atomic weights 
of the constituents. It would therefcre appear that the absorptive 
power is not entirely dependent on the atomic weight of the compo¬ 
nents of the acid radicle, or on its molecular density; the order in 
the first case being (1) nitrates (N ^ 14), (2) sulphates (S = 32), and 
(3) chlorides (Cl « 35*6), (2) and (3) being nearly equal. While in 
the second place the order should bo* (1) Chlorides (Cl - 35*5), (2) 
sulphates (SO 4 = 48) (3) nitrates (NOg = 62), while the order 
actually observed is (1) nitrates, (2) chlorides, (3) sulphates. 

Acetates are slightly less absorlicnt than chlorides, though the 
number of salts tried is small; only four giving results to which 
weight can bo attached, since aluminium and iron wore simply jjowders 
in suspension and partially precipitated. 

It now remauis to be seen if there is any definite connection l>otween 
the equivalent weight of the bases composing the different salts and 
their absorptive powers. Their order may be written down as 
follows:— 

In ascending order of absorption— 


Lithium . 

(7)' 

9. 

r Nickel 

(586) 

Magnesium 

•• (24)" 

10 J 

Copper . . 

. (63)" 

Aluminium . 

. (27)"' 

11. 

wZinc . 

.. (66)" 

Sodium ... 

•• (23)' 

12. 

Strontium .. 

... (87)" 

Calcium . . . 

. (40)" 

13. 

Barium 

... (137)" 

Potassium ... 

. (39)' 

14. 

Cadmium . . 

... (111-7)' 

Iron. 

... (66)" 

16. 

Lead. 

... (206)" 

Cobalt. 

. (58 6)" 

16. 

Uranium .. 

... (240)'" 


The metals bracketed together have very nearly the same absorp¬ 
tive power. The order given above does not agree very nearly with 
the order of increase of equivalent weight; it agrees more closely, 
however, with the order of increase of atomic weight. It is to be 
noticed particularly, that the salts of the alkali metals are less absor¬ 
bent than might have been expected from their equivalent weight, also 

• E. Sehnrald, ‘BeiblAttor* (1897), p. 64, 
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that in the calcium, strontium and barium group the amount of 
absorption does not increase rapidly with the increase in atomic weight. 
It may therefore be generally stated that the absorptive power of 
.salts having different bases, but the same acid radicle, increases with 
the atomic weight of the metal forming the base, though not accord^ 
ing to any definite law. 

This agrees with the results obtained by Dr. Gladstone and Mr. 
Mibbert. 

Effect of Rays of diffeient Perietratm Powers. 

As stated above, the penetrative power of the X rays used did not 
have much effect on the appanent relative absorptive powers of the 
different solutions, but os a still further check on the power of the rays 
used, the time taken for the developer to bring the strip on the plate 
photographed, through 20 mm. of water, to sufficient density (allow- 
Ance l^ing made for the temperature) was always observed, and if this 
differed much from that necessary on a normal plate, the experiment 
was repeated. Measurements made on these rejected plates, however, 
showed that within limits of experimental error, there was no differ¬ 
ence betwoon absorptions thus obtained and those calculated from mca- 
siurements made on fully exposed negatives. Measurements were also 
made using rays of different penetrative power, and developing for the 
same time; but the plates obtained admitted of only such rough 
measurement that hero again no differences were detected, the strips 
being either too dense, or the differences in intensity at the two ends 
corresponding to the thick and thin ends of the wedges being too 
slight, to admit of accurate photometry. It may be stated generally 
therefore that the rays of different penetrative powers do not appear 
to have any effect on the relative absorptive powers of the different 
solutions. 

Effect of Strength of SohHon. 

In order to determine the effect produced by using solutions of dif¬ 
ferent strengths, a number of measuromonts were made on various 
salts: (1) Lead acetate, (2) potassium bromide, (3) iodine in potas¬ 
sium iodide, (4) nickel chloride, (5) sodium thiosulphate (strong solu¬ 
tion). 

Curves are plotted below showing the relation between the amount 
of salt in solution and the thickness necessary to produce the same 
amount of absorption as 20 mm. of water. From these numbers it is 
clear that the amount of absorption is not proportional to the number 
of molecules of the salt traversed by the ray, and does not appear to 
follow any simple law. The connection appears to be logarithmic from 
the shape of the curves. 
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Thickness of Solution necessary to produce the same Absorption as 
20 mm. of Water. 


Strenf^b of 
solution. 

PotaRsium 

bromide 

Lead 

acetate. 

Iodide in potan 
mum ludido. 

Nickel 

cliloridc. 

N. 



■■■Ill 

8 2 





11 0 





U 0 





10 0 

N/IO. 

11-0 

9-3 

8 3 

— 

N . 

2xN . 

6xN . 

Bodiuui 

thioRulplmto 

10 *6 

8 5 

7 6 





Effed of Thuhm'i of Solution tiaveised, 

Vai’ioua experiments have been made m order to verify the state¬ 
ment made by Messrs. Gladstone and Hibbert and others* that the 
amount of absorption vanes logarithmically with the thickness traversed 
l)y the ray— 

t - log(Xf + /x), 

where r « porceniiigo of the rays .ibsorbed by iho solution under con¬ 
sideration. The results obtained appear to confirm their conclusion. 
As a preliimnary experiment, the intensities at different distances 
along the stiijis on throe of the plates above considered were carefully 
compared with the intensity of the strip photogiapheii though 20 mm. 
of water. Now proceeding to consider these results — 

Let Aq bo the original intensity of the X rays. 

Ai the amount of the rays absorbed by the water. 

Aj the amount of the rays nlisorbod by a given thickness of the 
solution. 

ky be the coefficient of almorptiun for water. 
ki be the coefficient of absorption for the solution. 

Then the intensity of the strip obtained by passing the rays through 
20 mm, of water is proportional to A-Ai, and the intensity of the 
photographic imago at the distance along the strip corresponding to 
the given thickness of the solution to A-Aa, and for the relative 
intensities of the photographic images (K 2 ), we have 

* A. Buguet, ‘CompioB Bendui/ toI, 126, pp. 803—400} F. Hi, loc eii. 
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_ -A.-A3 
- A-A/ 

or, according to the above abaumption, 

K. - 1 “ Pi) 

I --log(A,/j+/ii) 

If K8K4, &c., are the values of K con obiwik ling to the ditierent 
thicknessea ^s, &c., of the solution, wo Iui\c 

Kj {1 - log(Xi^-hpi)] — 1 - log (A Vj+ //j), 

Ka [ 1 - log (A]/] -hpi)} 1 “ log (A/, f pi). 

1 -Iog(Ai^i-t-pi) is a constant fur any one plate - C (say), hence, 
subtracting, 

The v*ilue of p howevoi (being that ]wirt of the iibboiption pioduce<l l>y 
the Wiilla of the cell and the air tia\ei*sctl) is known to be \ety small 
coinpaitwl with A/, ami ma> theicfore in a first appioximation be neg¬ 
lected. Tlio above equation tlien x educes to 

C (Kj - Ks) — log =5 log - log /j. 

I» 


Below are given the results for the three pl.ites used 111 the lest 
experiments The relative intensities w^eic obtained by moan» of an 
arrangement similar to that described for the determination of ihe 
relative intensities of the spots on the photograpliic plate in method I; 
but arrangements weie made to bring the illnrainated images nearei to 
each other to enable more accurate comparison to be made. 

The errors, when all precautions wore taken, wore not greater than 
6 per cent, for the determination of the relative intensities, njrre- 
eponding to 3 per cent, on the detennination of the diaUnccs of tlie 
source of light necessary to profluce equal illununation 

In the following table— 

Column 1 gives the thickness of the solution tjaversed by the X rajs 
in millimotroB. 

„ 2 gives the logarithms of these thicknesses, to l>asc 10. 

„ 3 gives the diflfcrences of the logarithms. 

„ 4 gives the intensity of the imago photographed through the 

thickness of the solution given in column 1, in terms of 
the intensity of the image photographed through 20 mm. 
of water. 

5 gives the clifTerencos of these intensities. 

6 gives the ratio of the ilifferences of the logarithms in 

column 3 to the difibrcucos of the iiitensitios in column 5 
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It is clear therefore that if the logarithmic law holds, the numbers in 
column 6 should be equal for any given plate. 


Nickel Chlaride N/8 ScUnti&ik. 


1 

1 f la mm 

log. 

Diff. 

K. i 

1 

Diff. 

j 

1 Ratio 

1 3'3 

5*0 

8*4 

16*0 

0*619 

0*699 

0 924 
1*204 

0*18 

0*226 

0*28 

.■9 

2*4 

1*8 

1*0 

0*6 

0*6 

0*8 

ooo 


The value of C therefore = 0*36. 

And since C = 1 - log (Xi^i) log = 0 64 
and since T = 20 mm. Xj » 0'22 (for water). 


PoUmium Bmnide X/10 Solidton, 


t 111 uiin. 

I 

log 1 Diff 

E. 1 Diff. 

I 

Ratio. 

3 3 

60 

8*4 

11*0 

0*619 

0 690 
0*924 
1*042 

0 18 
0*225 

0 128 

2*4 

1*02 

1*36 

1*0 

0*48 

0*66 

0*86 

0*87 

0*40 

0*86 


The value of C = 0 38. 

And since C = 1 - log (Xifj) log {kih) = 0*62. 
and since T ^ 20 mni. Xj =* 0 21. 


Soihum Thioi>alphii€y 2XN. 


t in mm 

log Biff. 

£. 

Diflf. 

Ratio. 

3'3 

6 0 

6 7 

8 5 

® i 0 18 

0-826 ' 

0-929 ' ® 

2*85 

2*0 

1*44 

1 0 

0 85 

0 56 

0 44 

0*47 

0*44 

0*43 


The value of C « 0*46. 

And since as above C » l-*log(Xi^i) log(Xi^i) 0*66. 
whence (as above) X] » 0*18. 


It will be seen, therefore, that the value of X was not constant for 
water, and hence not for solutions, if they obey the same laws. This is 
confirmed by observations made on plates where the penetrative power 
Was not sufficiently great to give a dense .photograph. The variadon 
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in the intenrity of the photographic according to the thickness 

of the solution traversed, appearing to be much less than with rays of 
greater penetrative power, although, as stated above, the thickness of 
the solution necessary to produce the same amount of absorption as 
20 mm, of water was constant within limits of experimental error. 
This agrees with the observation of M. Buguet (lor. rt/.). The 
values of A for the different solutions have not therefore been calcu¬ 
lated. 

The value of for the apparatus used would (from the comparatively 
close agreement with theory of the above numbers) seem to l>c 
negligible. 

The results given alKive show that the logai itlinuc law is at any rate 
approximately true. 


Condtismis, 

1. The absorption produced by normal aqueous solutions of metallic 

salts having the same acid radicle, increases with increase of 
atomic weight of the base. 

2. Metals belonging to the alkali group arc not very absorbent, 

neither are those belonging to the calcium, strontium, and 
barium group, their atomic weight being taken into con¬ 
sideration. 

3. Bromides and iodides of the metals arc all highly absorbent. 

4. With the three common acids, the order of increasing absorptive 

power is nitrate, chloride, sulphate. 

5. The absorption produced by a salt is dependent mainly on the 

atomic weight of its constituents. 

* Considenng thii statement in tbe light of the known facts with regard to tlio 
photography of the hones of the band, it will be seen that facts are not in contra¬ 
diction to the conclusions drawn from these experiments. With rays of low peue- 
trative power, the whole hand appears dark though the screen appears light 
(assuming X large for the flesh and much larger for the bones), the reason being 
that both the flesh and bones absorb nearly all the rays. Assume, for example, that 
for this penotratire power the flesh allows only 1/100 of the light to pass and the 
bones 1/1000. Now, using rays of greater penctratiTe power wo may assume that 
the flesh will allow 1/lOth of the light to pass while the bones will only allow 
1/100th to pass. The bones will now be faintly visible. Pushing the pmotratire 
power still further, assume that the flesh now allows half of the light to pass, the 
bones will allow only l/20th, and will be very sharply defined With still further 
exhaustion of the tube the flesh may now be assumed to allow O/lOtha of the light 
to pass, while the bones still only allow l/llth { and, as is known, at this stage the 
bones themselves b^gin to appear transparent. 

At the same time it is not assumed that the ratio of tbe absorption for the 
dUEbrent salts dess remain constant throughout this very wide range, but that the 
fact that the ratio of the absorptions appears to remain constant through a limited 
range whUe tha actual absorption may differ appreciably through this range, is not 
in oontradiction to other observa^ons. 
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6. The amount of absorption produced by a given thickness of a 

solution of a metallic salt is not proportional to the amount of 
salt in Holutioni but appears to follow approximately a loga¬ 
rithmic law. 

7. The amount of absorption varies logarithmically Avith the thickness 

of tho solution traversed by the rays. The percentage absorp¬ 
tion may be represented by an equation of tho form r » log 
{kf-\~n) where X is a constant depending on the nature of the 
solution, and on the penetrative power of the X rays, and / is 
the thickness of the solution traversed. 

It is to be noticed that all the above tal)leBiind conclusions are based 
on measurements made with solutions containing the equivalent weight 
of the salts, in grams per litre, so that the molecular absorption of tho 
salts with divalent or trivalent bases is greater than that indicated in 
the tables. 

The conclusions 1, 5, and 7, gnoii above, are m exact agreement 
with those stated by Dr (lladstone and Mr Ilil>l>ert in ilieir aitules 
in the ‘ Chemical News * (Joe. ). 

Numerous references have been made throughout this paper to their 
articles and reports before the Dritish Association, though it was not 
until the above investigations were iie^irly completed that attention 
was drawn to tho work that ha<l been done by them. 


“ On tho liesistauce to Torsion of ceitain Foiiris of Shafting, with 
Hl>ecittl liefetvuce to th(! Kfleci of Koyways.** By B N. G. 
Filon, M.A , Besearcli Student of King’s College, Cainbndge, 
Fellow of University College, Lomlon, 1851 Exhibition 
Science Befloarrh Scholar. Coiuinunionied by Professor M. 
J. M. lIiLL deceived June 1,—Bead Juno 15, 1890. 

(Abstract.) 

The object of the present paper is to obtain solutions of tho problem 
of Torsion for ceitaiii cylinders, whoso cross-sections are bounded by 
confocal conics. It is mainly an extension of do Saint-Venant’s in¬ 
vestigations, and is based upon his general equations of torsion. 

The method employed depends upon the use of conjugate functions 
£ and T/, such that ( - const, represents confocal ellipses and r/ ^ const, 
confocal hyperbolas. 

The use of conjugate functions for the torsion problem has been 
suggested by Thomson and Tait,* by Clebsch,t and by Bou8sinesq.| 

* ' Katursl Philosophy.' 

t * llieone der KlssticiUt festor EOrpar,' $§ 38-«a5. 

t * Journsl de Mathematiques,* pp. 17{—186, s^rie 3, rol. 6. 
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Clabsch haa uaad such elliptic coordinatos to Bolve the torsion problem 
for hollow cylinders bounded by confocal ellipses, and do Saint-Venant 
has applied conjugate functions to the same problem for shafts whoso 
sections are sectors of circles ; curvilinear co-ordinates have also been 
employed by Mr. H. M. Macdonald,* but I am not aware that the 
actual solution has yet been obtained for sections bounded by both 
ollipca and hyperbolas. 

The woJ‘k proceeds on lines analogous to those developed by Sjunt- 
Venant himself in his Rolution of the problem of torsion for the cylinder 
of rectangular ci obs-soction. The strains and stresses are expressible 
in terms of infinite senes involving circular and hypeibolic functions. 

The boundaries of the section aie given by constant values of ( and 
’ 7f. The values of { are taken to be ± a. 

The conditions from which the luiknown quantity w (the shift par 
allel to the axis) is determined are 

= 0 

throughout the sections; and 

dwjiln^{vix-hj)T =* 0 

along the boundary, where dn = an element of the outwards normal to 
the ^undary, r is the angle of torsion per unit length, and /, w are the 
direction-cosines of dn. 

Now in the present case 


dn ^ ± X (c ^J) 

whore J = 00, boundary where f = const, and 

da ± dr) X {c JJ) 


at the boundary whore ^ « const., the sign being determined so that 
dn is positive. 

By adding suitable terms to w, we can reduce one or other of the 
boundary conditions to the form 

dwijdn as 0 

whore w « + suitable terms. 

Suppose we make 

dwjd^ a* 0; ^ sa + a. 


Expanding now wi in the form of a series, 




* On the Tovekmel Strength of n Hollow Shaft,*' < Ph>c. Oatnh. Phil. Soo.,’ 
Tol. 8,1893, pp. 63 0 t 
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the differential equation and the first Imndary condition are identi¬ 
cally satisfied. 

^\^en this value is substituted in the second boundary condition, wo 
got an equation expressing a given function of £ iji a series of sines of odd 
multiples of ir{/2a, between the limits + a and - a. 

But such an expression can be definitely obtained by a method 
analogous to that for Fourier’s series. Comparing coefficients, wo 
obtain relations which dotemiino completely all the constants in the 
expression of v'l. 

w IS then known. The shears and torsion moment are then deduced 
by differentiation and a double integration. 

The cross-sections which are dealt with in the present paper, arc of 
very groat generality, and they include as special cases many of the 
cross-sections which Saiiit-Venant has worked out, for instance the 
rectangle and the sector of a circle. 

The first section of which I treat is that bounded by an ellipse and 
two confocal hyperbolas. Although the analysis is worked out for the 
case where the two h 3 rperbolic segments are not symmetrical, I have 
not given any numerical examples of this cose, as the sections obtained 
by taking two hyperbolas curved the same way do not correspond to 
any interesting practical case: the section is too broad at the ends and 
too narrow at the bond, to bo any fair representation of the angle 
iron. 

The section bounded by an ellipse and the two branches of a con- 
focal hyperbola is, on the other hand, an approximate representation 
of a well-known section, much used in engineering practice, the rail 
section. This section I have worked out for various values of the 
eccentricity of the ellipo, and of the angle between the asjmiptotea of 
the hyperbola. The four sections where this angle is 120'* give the 
best representation of the rail section. 

The numerical results are tabulated so as to show the ratio of the 
torsional rigidity of this section to that of the circular section of the 
same area, and also the same ratio for the maximum stress. 

The ratio of these two ratios gives us a kind of measure of the use 
fulness or “ efficiency " of the section. 

In the case of the latter class of sections, I have investigated at 
length the position of the fail-pointe^ or points of maximum strain and 
stress, the maximum strain, m the case of torsion, being coincident 
with the maximum stress. It is found that for the two smaller ellipeos 
the maximum stress occurs at the point B, where the section is 
thinnest. For the two larger ellipaoa, the maximum stress occurs at 
four points, F, F, P, P, symmetrically distributed round the contour* 
and lying on the broad sides of the section. The critical section, 
when these two cases pass into one another, can be calculated, and is 
shown in the paper. 



to Torsion of certain fyrnis of Shnftinff 4.‘U 

Tho cluinges in the strCBses are shown hy curves accompanying the 
paper, in which the abscissa represents the quantity a, whoso hyperbolic 
cosine and sine are proportional to the major and minor axes of tho olHjiso 
respectively, and in which tho ordinates represent tho stresscR at A, B, F, 
divided by tho maximum stress of tho circular section of equal area. 
The C-urvos are, in certain parts, only loughly drawn, but they siitHco to 
show the manner in which the sti oases vary. It is seen that the stics-^ 
at B separates from the maximum stress after tho critical value % 
1’225, and gradually diminishos, compared witli stiosbcs at A and F. 

This result might have been expected from the investigations of do 
Saint-Venant upon certain sections Ijoundod by curves of the fourth 
degree. 

These investigations appear, however, not to have boon sufficiently 
noticed. Thomson and Tait in their ‘ Natural Philosophy,’ and 
Bousfiinosq in hi& researches on Torsion,* both conclude that tho fail- 
points are at tho points of the cross-section nearest to the centio, and 
Boussinesq even gives an apparently general proof of this proposition 
His proof, however,is subject to coitani lestrictions, which T point out, 
and which prevent it from l>eing applied to tho sections I am dealing 
with, 

Tho sections are sensibly less useful than the circular section, thoir 
torsional rigidity being always diminished and tho maximum stress 
very often increased. This remark, 1 may add, appho.s to all tho 
sections dealt with in this pa[>or. 

This usefulness or efficiency (locreases as tho nock of tho section 
iKJComcH more narrow, as indeed might have been anticipated 

Other sections worked out arc those corresponding to angles between 
the asymptotes of 90", 60", and 0", in tho latter case tho sections 
dogeneiate into ordinary elliptic sections, with two straight shts or 
indefinitely thin keyways, cut into them along the major axis, as far as 
the foci. The stress at tho foci, however, is then theoretically infinite 

It is interesting to see how, as wo make the Iiend lound the foci 
sharper, tho valuos of a, for which tho two fail-points break up into 
four, become larger and larger, until, when tho angle l»etwoeii tho 
asymptotes of the hyperliolas is less than 73", tho greatest stress always 
occurs at the neck of the section 

The limiting case of such sections, when the angle Ikj tween tho 
asymptotes is very small, and the eccentricity of tho ellipse no<arly unity, 
tho distance between the foci lieing very great, gives us the rectangle. 

I then pass on to the section bounded hy one ellipse and one confocal 
hyperbola. In the limiting case, when the foci coincide, wo obtain the 
sector of a circle. Of this I have worked out numerically three cases, 
in each case taking two ellipses. 

1. The semi-ellipse. 

* * Journal do Uath^matiquei,’ s^rie 2 , yoI 10, p. 200. 

VOt. LXV. 2 K 
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2. The clbp^ie with a key way cut into it of the shape of a rectangular 
confocal hyperbola. 

3. The ellipse with a single slit cut into it. 

The most striking of the results is in reference to the reduction of 
the torsion.d rigidity of the ellipse in case (3). This reduction of 
1 igidity decrciises ra]ndly as the depth of the iioti h decreases. 

The rigidity, which is reduced by as much as 23 per cent, when the 
depth of the key way is as great its 0 6 (scnii-inajoi axis), fulls to about 
1 jiei cent when this depth is 0'12 (homi major axis) 

Possibly this may throw some light on the tact that the effect ot 
{ntting such slita into the matorial docs not always give in practice 
the reduction in the torsional ngulity which should ha\e been expected 
from Saint-Venant^s results for the circle. Clearly the depth of the 
key way is a factor of the very first importance, and key ways of mode- 
1 ate depth will produce a comparatively small effect on the torsional 
ligicbty,. 

It is also shown that the effect of emitting two ecpial and opposite 
slits is practically equal, in the two eases which I have calculated 
(namely a - tt/G and a = rr/2), to twice the effect of a single slit. 

It Hoems, therefore, that the study of these sections liiings to light 
several interesting facts in the theory of elasticity, and will well repay 
the trouble involved in dealing with the long and somewhat tedious 
algebra and arithmetic which load to these results. 


IG, 1899. 

The LORI) LISTER, F.R.C.S., D.C L., President, in the Chair. 

f 

Professor W. F. Barrett and Jfr. J. S. (biniblc were admitted into 
the Society. 

A List of the Presents received was laid on the table, and thanks 
onlorcd for them. 

In pursuance of the Statutes, notice of the ensuing Anniversary 
Mooting was given from the Chair. 

Professor Meldola, Professor Perry, and Dr. R. H. Scott were by 
ballot oloctod Auditors of the Treasurer’s accounts on the part of the 
Society. 

The following Papers published during the rocosa, in full or in 
abstract, in accordance with the Standing Orders of Council, wore read 
in title *— ' 
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Procmliufjs ami ZtV af Papers read. 

Sir J. B, Lawes, F.B.S., and Sir J» H. Gujieut, F.R.H. Agrn ultural, 
Botanical, find Chemical Results of Kxpenmouts on the Mixed 
Herbage of Permjinent (Irass-luiul, conducted foi luany Years in 
succession on the same Land. Part III.—The Chemical licsiilts. 

Dr Waij.is BrrxjE On the Orientation of the Temples and Pyiaimds 
in the Sfldiln. Comnmnicated by Sir Norman Lockyru, F.KS 

Dr. H, M ViutNON The Kftect of StileneRs of the Sexual Cells on the 
Development of Krliinoida 

W. EI)MItxi)s. Effbcta of Thyroid Feeding on Monkeys 

Sir W. Tht.skktox-Dveh, F R.S. On the rnflueneo of the IVmpcrature 
of Li([Uid Hydrogen on the (Torminalivo Power of Seeds 

The following P.ipcrs woie reatl — 

I “Note on the Elcctioinotive Force oi the Organ Shock,mid on 
the Electrical Resistance of the Organ, in <\ii- 

By Professor F. Ootcit, F.US., and O. J. Bruen. 

II. “On the Formation of the Pelvic Plexus, with especial Rcfoience 

to the Neivus Collector, in the (tOiius By R. C. 

PuNNRrr. Communicateil by Dr. (tauow, F R S. 

• 

III. “On the Least Potential Ditfereiicc re<iuired to produce Disthaige 

through vanous Gases.” B 3 ' the lloii. R. 3. Snuwj. Com¬ 
municated by Lonii Rayi.kkim, F RS. 

IV. “Mathematical Contributions to the Thcoiy of Evolution. VIL— 

On certain Formulro in the Theory of Correlation, find tlicir 
Application to the Inheritance of Characters not capable of 
Quantitative Measurement.” By Piofessoi KvitR Pk\rson, 
F.R.S. 

V “ On the Propagation of Earthijuakc Motion to (b’cat Distances.” 
By K. D. Oroham. Communicated by Sir R H Bai.l, F.KS. 

VI. “An Experimental Research on some Standaids of Light” By 
.1. E. Petavel Communicated by Lord Rayleicii, F.R.S. 


2X2 
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*‘ Ntito on the Electromotive Force of the Organ Shock and the 
Electrical Resistance of the Oi^an in Malapierarua electricus." 
By Fhancis Goten, M.A., F.E.S, and G. J. Buroh, M.A. 
Oxon. Received July 18,—Itcad November IG, 1899 

(From tlio FI lyBiological Lfiboratory, Oxford ) 

Khriromtt r iiemds of tike Orgtm ShorL 

In the month of March of the present year, 1899, the Committee of 
the Corporation Miisouni, Livorjwol, kindly placed at the disposal of 
one of ns (P. G.) two living specimens of Mtflaptmff tin elerhirvs. They 
woie exhibited at a lecture delivered in London at the Royal Institu¬ 
tion on ^larih 17. One of the fish died from accidental injury, the 
other WHS employed by us for the purpose of dcbormimng the electro* 
motive force of the organ shock, and for investigating such other points 
of interest aa were feasible 

Wo deculed to employ for the determinations the special capillary 
electrometer made by one ot us (G. J. B.), which wo had utilised in our 
researches upon the electrical phenomena of nerve * Our previous 
woik upon the organ of Mahfptnuufs londered it certain that considor- 
ahlo jirecHUtiona woulrl have to lie adopted^ in connection with this 
inabrumont, since it was a much more sensitive one than those we had 
used in the researches desenbod in our previous paper upon the su)»- 
ject t It was therefore first necessary to make a number of prelimin- 
fUy expelinieiits m onler to reduce the extent of any excursion due to 
the organ shook within such limits that it could ho recorded. Several 
tnals with different voltages resulted in our employing a non-inductive 
shunt of three incandescent lamps; these were placed in iMirallel Iie- 
tween the electrometer connoctions and had a combinoil resistance of 
2G‘6 ohms. We diminished the size of the record still further by re¬ 
placing the high objective of the projecting microscope by a lower 
])ower, Zeiss, B, 

Our previous experiments made in 1895 showed us that the organ 
shock developed so rapidly that the records then obtained wore all too 
steep to admit of accurate analysis. It seemed certain, therefore, that 
the recorded curves, duo to the rise and fall of the meniscus, would 
have to be of a more prolonged type in order that the rate of develop¬ 
ment of the electromotive force of the shock might he deduced from 
their analysis. 

In the hope of obtaining curves of a sufficiently prolonged character, 
both the physical and the physiological conditions of experiment w^re 


• ' Boy. 8oo. Proo./ rob 68, p. 800, 1898. 
t *Phil. Tran*.,’ B, vol. 187 (1896), p. 347 
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moditiefl; the rate of transit of the photographic plate upon whicli the 
image of the mercurial menisciia wfis projected, was made much quicker, 
whilst the whole organ of the fish wjis effbctiially cooled to a low tem¬ 
perature, 5“ C. 

As we ha<l only one hah, wo made several attempts to catch a rceonl 
of the natural discharge of the organ upon the ti a veiling plate It 
was found, however, to lio practically impossiMo to do tins, siiuc the 
reflex responses obtained fioni the uninjured Jish weio not merely un¬ 
certain as to their time of commencement but also veiy Aariablo as to 
their intensity. 

Wo determined, therefore, to kill the fish and utilise the nerve 
organ preparation for the purpose of obtaining the ncccsbtwy ilata 

A further consideration induced us to take this com sc Determina¬ 
tions made upon an entire tish must be of little value for thecaknl.ition 
of the E M F. of the change produced in each excited tlisc, o^\ mg to 
the complicated physical conditionsof an experiment made under these 
circumstances On the other hand it apjieaied to bo easy to cut an 
organ strip mid arrange it bo that the distuico between the contacts, 
which connected it with the elect lomoter, should ])e poifcctly <lermite , 
moreover, with such a strip the nunibei of discs composed in the actual 
distance between the contacts could be enumerated aftoi the experi¬ 
ment by examining appropriate sections made through the whole ol 
this portion of the organ. 

The fish was therefore anaesthetised by immersion in ice-cold water 
and then killed. A strip of the organ was now detached and the nerve 
ciirefully dissected out; this nerve organ preparation was jilaced upon 
a glass plate in a special moist chamber kept at a unifoim tcinpei'ature 
of 5“ C. The nerve was excited by a bingle break iiulucoil current of 
such an intensity as our previous experience h/id show'ii to I)o neces¬ 
sary in order to evoke a maximal organ losponse (Kronecker coil with 
core, one Daniell in primary, secondary at 10,000). The break ii id no¬ 
tion shock was produced by the movement of the recording pendulum, 
and was so timed as to occur when the photographic plate can*ied by 
the pendulum reached the slit upon which the imago of the meniscus 
was projected. The olcctrometor contacts wore so placed ns to lie 15 
mm. apart upon the thickest portion of the organ Thirteen photo¬ 
graphs were taken, of which two (Nos. 3012, 3013) gave excellent 
records suitable for accurate analysis. In the first of these (3012), a 
facsimile reproduction of which is shown in fig. I, the throo-Iamp 
shunt was placed between the electromotor terminals. In the second 
record (3013) the two-lamp shunt was employed. 

The response in both these experiments was very marked, and, 
owing prol^bly to the low temperature, was more delayed in its onset 
and slower in its development than we had anticipated. 

After comparatively few successful experiments the excitability of 
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tho nerve suddenly failed, and it is interesting to note that this failure 
was attended by inability of the organ to respond when a stimulus was 
applied either to tho nerve or to the organ sulistanco. It has been 
recently pointo<l out by Garten that if the electrical nerves of Torpah 
are divided in the living fish, and the fish examined nineteen days after¬ 
wards, by which time degeneration of the peripheral portion of the 
nerve has occurred, no response can be obtained from the organ by 
any stimulus whether applied to the nerve or directly to the organ 

Fig 1 




Tho ii])ward curve in tho lowest line is a record (No, 3012) of the single shock ot 
16 mtn. of electnoal organ evoked by a single excitation of the nerve. The 
curve is to be read from left to right, the moment of excitation being indicated 
by the commencement of the larger vibrations on the fine middle line. The 
rate of movement is shown by the tuning-fork record on the upper line, each 
complete osoillation of which is 0'002^ The electrometer terminals were con¬ 
nect^ by a resistance of 2G'6 ohms, which thus shunted a largo proportion of 
the organ effect 


substauco.^ These results and the failure referred to in the present 
instance support the view put forward in our previous paper, that the 
only excitable structures in the organ are the nerve endings, the ergan 
discs apart from these nerves being inexcitabIo.t 

The Analysis of ilhe Photographic Records, 

The methods used for obtaining data for tho analysis of the records 
differed somewhat from those employed in our previous experiments 
upon nerves. 

* Gkurten, * Gentralbl. f. Physiol.,’ vol. 18, No. 1, p. 1. 
t * PhU. Trans.,* B. rol. 187 (1896), p. 881. 
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Since the eonatnnts of this particular electromotor had Imsoii accu¬ 
rately determined, it might have appeared feiisiblo, after measuring tho 
resistance of the preparation and the resistance of tho shunt, to calcu¬ 
late tho E.M.F. of tho Mahiptnmus shock diioctly from tho photo¬ 
graphic record. Such a method would not, however, have been satis¬ 
factory, owing to tho character of tho experimental conditions obtriming 
in the present research, and it was doomed pioferablo to obtain tho 
eomjiarison curves given l>y an E.M.F. nearly comptuaiiic with that of 
tho organ response, for tho following reasons. Tho meniscus of the 
electrometer indicates the E.M.F. acting upon it at any moment, 
partly by its position above or Itelow zoio, and partly by tJie velocity 
with which it 18 moving at that instant, the position Licing moasui’Ofl in 
divisions of an arbitrary scale, and tho velocity liy tho sulaiormal to 
the curve, expressed in polar co oidinates. But tho ratio Iwtweou the 
value of a division on the subnormal and a division on tho scale VHric.s 
with tho resistance in circuit, and is consequently affectoil by the use 
of a shunt. Obviously, therefore, the simpler method, and tho one 
least open to objection, was to photograph the normal excursion given 
by an E.M.F. not many times smaller than that of the organ I'esponse 
through a circuit as nearly as possible similar to the actual one, i./',, 
through an equivalent resistanco and through the identical shunt 
The organ itself could not be employed for this purpose, liocauso even 
if it gave no response to such a stimnlub, the possible otFocts of electro¬ 
lytic polarisation might impart to the reconl time-relations different 
from those of a normal excursion 

We therefore carefully measured tho resi&Unco of tho preparation 
with the leads in tho position employed in olitaining tho curves referred 
to previously (No. 3012 and 3013); wo then substituted for it an 
equivalent non-polarisablo, non-inductivo resistance, and photographerl 
the excuraiona given on throwing in a constant E.M.F. of 9 volts 
through this circuit with a shunt of three-lamps for comparison with the 


Fm. 2. 
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organ shock curve, No. 3012, and a shunt of two-lamps for compiriaoii 
with the other curve, No. 3013. The curves were then analysed by 
the method described by one of us. 

Both curves gave the same ratio, namely, 15 cm. on the subnormal 
~ 88 Bcale-divisions on the radius vector. With the three-lamp shunt 
120 scalc-diviBioiib - 9 volts. 

These daUi, applied to the analysis of the organ shock curves, gave 
the results detailed in the annexed Uble. It will be noted that 
No. .3013, though a much weaker shock, is similar in its time-rclations 
to No. .i012. 


Klectromotive Force of Shock obtained from 15 mm. of Miilaidvnnii-, 

f'Miirus Organ 


Tunc after h1iujuIu< 4, in 
fractions ot n second 

Klrctroinotive force, in 
volUi (No 8012). 

Klectromolivo force, in 
volts (No. 3013). 

0 0150 

0 00 

0 (HI 

0-0160 

0-14 

0-00 

0-0170 

1 68 

O'OO 

0-0176 

8 00 

0-00 

0 OlHO 

5-20 

0 69 

0-0185 

11 00 


o-oioo 

17-70 

4*25 

0-0195 

19-40 


0 0200 

20 60 

8-60 

0-0210 

22 70 

12 80 

o-o :;20 

24 00 

14 90 

0-0230 

26*00 

16*70 

0 0240 

25-10 

16-15 

0-0260 

24-90 

16-60 

0 0260 

23 80 

16-80 

0-0270 

22 70 1 

1 

0 0280 

20*20 ! 

16-26 

0-0290 

17 70 


0-0800 

14 20 

13-85 

0-0310 

11-70 


0-0320 

8-20 

ll -00 

0-0830 

6-00 

, 

0 0340 

4 00 

7-85 

0 0850 

3-(» 


0 -0860 

2-GO 

5-16 

0 0370 

1-76 


0*0380 

0 79 

3-59 

0 -030(1 

0-80 


0-0400 

0 00 

2*12 

0-0440 

0-00 


0 0400 

0-66 

0-00 

0*0480 

1-92 



In fig. 2 the results of one of the analyses (3012) given in the table 
are plotted as a curve. This curve may be compared with that of 
^ fig. 1, of which it is the interpretation. The ordinates represent the 
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potential difleronce hotween two points, 15 mm. apart, in volts; tho 
absoissm represont tjme-intervals after the moment when tho nerve was 
excited. 

Ckimparing these results with those quoted on p 384 of oui previous 
paper, it will bo seen that the initial delay (0 0170 sec. and 0*0180 sec.) 
is longer than that ohtiimed in our e, 111101 ’ oxpoiiments (0 010 sec.), 
and also that the duration of tho organ response is longer (0'0390 sec. 
instead of 0*021 see), although the temperature was nominally the 
same, viz, 5’ C , in Ixith investigations It must, however, he noted 
that in the pievious research the organ was simply laid upon a glass 
st/ige kept at 5“ C. hy water flowing lieneath it, uhorcas in the present 
case tho preparation was completely enclosetl in a large chamber coolctl 
to b"* C.'* Undoubteilly tho actual temperature of the whole organ 
strip was highei than 5" C. in our earlier work, and we haicample 
evidence that in tho case of nerve the timo-ielation,s of tlie electruvil 
response are considerably affected by slight changes of tcinporatnic at 
or about 5*" C. It should bo fuithor noted that the (Uive now oltUined 
18 on a mneh larger scale th.in any of those referred to ui oui previous 
research, and in consequence the small l)cginnings of the use of E ,M F. 
can be detected at an earlier st.ige Tho cuive is that <luo to the first, 
or initial, response of a senes prcMluced l»y self-excitation, the com¬ 
mencement of the second member of the rhythmical serie.s caused by 
such self-excitation is indicated in the plotted curve (fig. 2), but since 
the object of the experiment was to determine the development of the 
initial shock, no attention was paid to the other Tuein]>crs conipo&ing 
tho organ tUscharge. 

The following points brought out by the analysis must lie dealt with 
in more detail.— 

(1) There is no trace of any second phase of opposite sign. This 
characteristic of the organ response is in accord with all previous 
experiments. It is obviously ussociatetl with the circumstance that, 
since each disc with its nerve cmlingb forms an independent system, no 
structural basis is furnished for the propagation of tho excitatory 
change from one such system to its neighbours. 

(2) The potential dififerenco Ixitween the terminals rises more rapidly 
than it falls (rise, 0*0070 sec.; fall, 0*0160 sec). Since propigation 
in tho organ does not exist, the rate of development and of tlochuo in 
the potential difference is the nearest approach yet obtained to the time 
relations of a localised electrical response in an excitable tissue. It is 
magnified by the circumstance that such local response occurs almost 
simultaneously in a whole series of nerve endings. We regard the 
whole analysis as probably typical of the explosive electrical effect 
which is evoked in nerve endings when these arc at 5^ C., and are 

* For description of chamber, see Gkitch and Burch, * Jonrn. of Physiol.,* toI. 24, 
1609. 
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<)xcited by a single fitimuhis. The olimination of all propagation owing 
to the structure of the tissue, is a factor of great iinportance in this 
connection since such complete elimiii.ation is, in 6ur opinion, not 
experimentally possible in the case of either muscle or nerve. Both 
the quicker nso and the slower fall may therefore bo regarded as 
expressions of the character of the local change in the nerve endings. 

Such a difTeroucc between the rate of development and of subsidence 
of the cxcitiitory explosion was indicated in our earlier experiments, 
although not rofeired to in our published {>aper.* In those experi¬ 
ments wo find, on examining carefully twelve different records, the fol¬ 
lowing relation between tbo duration of the two states, dovolopmoiit 
and subsidence.— 

Duration of dovolopmont ^ 265 81 

Duration of subsidence 326* 100 ’ 

« 

In the present instance, possibly owing to the more effectual cooling, 
the more prolonged character of the snlisidence is very conspicuous. 

Thus ill the two analysed instances, here referred to, wo find 

Duration of dovolopment 7 «nd ^ ^ 

Duration of subsidence 16’ 100’ * 17 * 100’ 

One other point of interest in connection with the development of 
the E.M.F. is the comparatively gradual character of its actual com¬ 
mencement. The analysis shows that for 0*002 second after a 
potential dificronco can Im) detected, its value is relatively small. 

It might be objected that the gradual development and still more 
gradual subsidence of the E.M.F. may have some purely physical 
explanation apart from the physiological change in the nerve endings, 
such, for instance, as polarization capacity due to the special structure 
of the tissue. That this is not the case is clearly proved by experiments 
in which a strong induction shock traversed the organ, which failed to 
excite it but was itself recorded on the plate. We have several 
examples of induction shocks of different intensities, of condenser dis¬ 
charges, and of excursions due to transient currents through the same 
circuit. In none of these is there any resemblance to the peculiar form 
of the curve given by the organ response. We are therefore in a posi¬ 
tion to say that the time relations of the organ shock do not resemble 
those of either induction currents, condenser discharges, or currents of 
short duration from a source of constant K.M.F. 

(3) The duration of the period between the excitation of the nerve 
and the commencement of the organ response (0*017 see.) represents 
the transmission time of the excitatory state along 40 mm. of nerve 
fibre when cooled to 5" C., this being the distance between the seat of 


• ‘ PliU. Tr»ns.,’ B, vol. 187 (1896), p. 847. 
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excitation and the organ strip. It is prolmblo that the greater part of 
this time is occupied by the slow transmission of the excitatory state 
along the finest sub-ilivisions of the nerve within the organ near the 
ultimate nerve ondinga, all of which were at 5'* C. 

(4) The most interesting point in connection with the ^hole oxperi- 
moiit is the maximum Pj.M.F. attained l)y the responbo given by the 
small portion of organ (15 mm.) investigatetl; this amounted to 25 10 
volts in the most favourable instance. 

The contficts were 15 ram, apirt, and we convinced ourselves that 
localised excitatory changes in the piece of tissue situated between 
these contacts woie lesponaiblo for the development of the electrometer 
movements when our apparatus was arranged as indicated m the 
opening desciiption. This piece of tissue wiis suhsequently leinovod 
and appropriately fixed for microscopic examination. Sections wore 
then cut so as to display all the discs lying between the points of the 
electrode contacts. The recent work of Ballowitz hits shown that the 
nerves do not reach the expanded discs, but end m their caudal stalks. 
The discs themselves are contained in the lozenge-shaped compariments 
constituting the columns. Those are sc» situated that one columnar 
row of compartments is dove-tailocl into those of all its neighbours. 
The result is that the number of discs and stalks in longitudinal series 
is twice as many as the number of lozenge-shaped compartments cou- 
atituting any given column Enumeration of the successive compart¬ 
ments in a number of different columns throughout the portion of 
organ between the contacts (15 mm. long) gave the following figures: 
260, 265, 262, &c. It was therefore assumed that the electromotive 
dificrence of 25*10 volts was proliably distributed imifoimly over a 
series of at least 530 iliscs; the maximum E.M.F. of the change m 
any one disc, with its nerve endings, would thus lie not more than 
0*048 volt. It is of intesest to not^ that in the sciatic nerve of the 
frog we have obtained an excitatory effect amounting to 0 033 volt. 

(5) The whole organ of the fish measured 12 to 15 cm The extreme 
ends are thinne<i down, but it may bo certainly inferred that 12 cm. of 
this organ would lie at least as functionally active as the portion we 
investigated. This would give a development of 200 volts for the 
whole series of organ discs, and even this high value cannot bo regarded 
as a maximum for the living fish, since it wiis evident to us that the 
organ preparation we employed had Us functional activity lowered 
both by the low temperature and by the operations involved in its 
dissection. It is worth noting that during the first stages of the dis¬ 
section carried out on the entire fish cooled in icfHiold water to 
aniesthesia, the division of a nerve branch with metal scissors whilst 
the organ was grasped by metal forceps, caused a strong shock to pass 
through the arms of the operator (F. G.), which was felt up to the 
elbows. 
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It must be self-evident to anyone who makes the experiment that 
the phenomena resulting from the passage of the organ shock through 
the human body are such as cannot be produced by interrupted battery 
currents luiless the potential is high It is a matter of common know¬ 
ledge that the shock from a healthy fish will jiass through a chain of 
several people holding hands, and will he felt by each, not only in the 
arms, but in the muaclos of the chest and shoulders. No battery 
current of 30 or 40 ^ olts through such a circuit will do this, however 
interrupted, unless the circuit has considerable self-mductioii, in which 
case the E M F. of the liattery does not represent the E.M F. of the 
shock, which may greatly cxreo<l it. 

It is, therefore, surprising that D’Arsonviirs investigations led him 
to give 17 \oltfi, and that Sciionlein gives 31 voJts as the maximum 
K.M F. of a Tm [mh shock. Such low nuiul>ers inchcate, we think, 
that the methods used by these olwervoi's were not applicable to 
the mcasuromeut of the maximum E M.F. of the shock of an 
electncal organ,* This opinion W4is stated definitely in our paper, 
and wo here repeat the statement because the photographs now pub¬ 
lished show plainly that the ilcvclopnient of the EM.F. of an oigan 
shock IS, at low temperatures, comparatively slow, much less rapid m 
fact than that ot a bittery current thrown in by breaking a short 
circuit, So far, therefore, as suddenness of change is eoncerned, the 
electrical organ is, under these conditions, at a dibadvaritago as com¬ 
pared wth a Ivattery current; yet it can produce muscular contractions 
such as can only bo caused by interrupted currents of high potential. 
We are, therefore, constrained to liehevo that the maximum E.M.F., 
oven in will be found to be nearer 200 than 30 volts. At 

any rate the analysis of the foregoing curves indicates that this 
maximum, namely, 200 volts, is attained by the organ shock of Malap- 
ekducui^. 

The Elerhiral JiChistuv4^^ of the Elect) iad (h'gm. 

Owing to the failure of the organ to respond to further excitation, 
it was impossible to carry out the other experiments which we had 
contemplated. We therefore decido<l to make such measurements of 
the electrical resistance of the tissue as could be effected with the 
apparatus at hand. In the absence of a Kohlransoh bridge we em¬ 
ployed a resistance-box of the Post Office type, and used the capillary 
electrometer as an indicator. With this instrument it is advantage- 
oiu to have the bridge arms of the highest available resistance—in 
this case 1000 ohms : 100 ohms—as the current is thereby reduced, 
while the excursions are in no way lessened. For a similar reason a 
shunt is not employed, but the current is derived from a rhoocord 

« l>'Arfbn?»l,' Comptes Renduft/ vol. 121, p. 145,1B05} SehCnUin, * ZeitKli. f. 
Biol,* vol 81, TS. 7., 13. 
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incttoad of a battery, the potential being kept low until a balance is 
nearly obtained. Square blocks of the organ of various dimensions 
were placed on a glass slip, and broad ca])les of lamp-wick pasted ovoi 
with kaolin and salt solution used to connect them with the ordinary 
non-polarisablo electrodes. After each measurement the cables were 
joined together without the inteiposition of the organ strip, in order 
to ascertain the resistance duo to the leads. It Wiis found that the 
variation in resistance of the leads between one exponiuent and 
another was relatively inoonsiderahle, the greater pait of the electrode 
resistance being evidently duo to the unoxiiosed portions of the non- 
polarisable oloctnsles, iu ‘, the tubes containing salnratotl zinc sulphate. 
The direction of the current was i-eversed from time to time, hut such 
reversal was not found to cxorcHC any marked intliieine upin the results 

The ditfercncos in the extensibility an<l elasticity of the superficial 
and deep boundary w’allfa of the oig.iri oftbro<i a iliihculty, since it wwts 
found to lie almost imjiossihlo to cut the organ into blocks which 
should ho of the same superficial urea on these two aspects. Caro 
was, however, taken that in every cabc the fhmonsion m the direction 
of the length of the columns (?.c, head end to tail end) should be, if 
anything, less than that in the direction across the length of the 
columns , transverse). These two dimensions will for brevity Jw 
termed, the first, longitudinal, the second, transverse, the words indi¬ 
cating their relationship to the organ column. 

It must be remembered that the lino of flow of a current directed 
longitudinally is trcUisverso to all the flattened tliscs which arc placed 
athwart the columns—whilst that of a current directed transversely 
to the column is parallel with these thin discs. On p inul fane grounds 
wo should expect that the resistance in the former case would l>e far 
larger than that m the second if, as seemed certain, the thin disc sub- 
tance has an electrical resistance which is far above that offered by the 
remaining space of the compartment and the albuminous siibstauce 
with which this is filled. 

This expectation was fully realised by the experimental results, of 
which the following table gives examples — 

Resistance of Block of Electrical Organ. 

Dimensions. Besistance. 


Longitudinal. | 

Transverto. | 

Thickness. 

To longitudinal 
* urrent flow 

To transverse 
current flow. 

xnm. 

mm. 

mm. 

ohms. 

ohms. 

10 

10 

8 

2700 

600 

16 1 

16 

8 

2800 

1300 

12 1 

18 

8 

8100 

1300 
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The rosistAnce to the flow of h current in the longitudinal direction 
directed across the disc surfaces) is thus from two to three times 
as great as that offere<l hy the organ to the flow of a uiirroiit in the 
transverse direction (/.<■., directed parallel to the disc surfaces). The 
discs themselves thus offer, when their physiological condition is unim¬ 
paired, a high resistance as compared with the adjoining compirtmontal 
contents, and this result is corrol)orato<l liy experiments made after the 
conditions had hcen modified either physically or physiologically. The 
physical modification consisted in taking blocks, the longitudinal 
dimensions of which vaiied. Thus a block 10 mm. in the tiansvoi>e 
dimensions and 3 mm. in tlucknesH, was cut so as to bo 90 mm. in the 
longitudinal dimension. Its resistance to the flow of a longitudinal 
current amounted to 27,600 ohms On reducing its length to 40 mm. 
the resistance W’iis 13,000; on reducing it to 20 mm. it was 5700, and 
<»n reduction to 10 mm. it was 2700 ohms. The heavy longitudinal 
resistance is seen to increase in proportion to the length of the columns, 
and the results thus indicate that our methcsl W'as a fairly accurate 
one 

The physiological niodificatioiiH ivcrc produced both by destroying 
the living condition of the fresh tissue by a suitalfle nf»o of tempera¬ 
ture and by keeping the tissue in physiological saline lor a number of 
hours, so that the liiing condition should bo more or less replaced by 
«»no due to commencing natural death. 

Ill the case of destruction through heat, the stukiiig discrepincy 
between the large resistaiu'e offered to longitudinal currents, ami the 
lower one offcicd to trans\erso ones, always dibappciired completely. 
The resistance was now found to bo the s«xm 0 whatever the direction 
of the cuirent flow 

In the case of kept pi eparations, the disparity between the two 
resistAiicos became so much the less marked as the preparation lost 
its living chanvetenstien ; thus a preparation which had been kept 24 
hours in saline still showed 1500 ohms longitudinal resistance, as 
compared with 500 olim-s transverse, whilst a second strip, kept for 
48 hours, showed only 1000 ohms longitudinal, as compared with 800 
ohms transverse. 

There is thus little doubt that the gix*ater resistance offered by the 
columns of the fresh organ to longitudinal flow of currents is due to 
the drcumstance that these are directed through the protoplasmic 
substance of the thin plates or discs, which, lying directly athwart 
the columns, are all so interposed in the lino of flow as to give a 
maximum of protoplasm to be traversed by such a flow. On the other 
hand the small resistance offered to transversely dirocto<l currents is an 
difpression of the fact that the flattened protoplasmic discs now form 
but an iflsignifleant portion of the conducting mediiun, which is chiefly 
composed of the compartment spaces. The discs must therefore have 
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rt relatively high resistance as compared with that of the albuminous 
fluid filling the remainder of the sjtaee It has }>oou sometimes sug¬ 
gested that alterations of robistance may play an important part in 
the phenomena of organ activity The expenmonts just given apjioai 
to indicate that the discs have a resist-ancc which is of a different older 
to that of the physiological saline in the sui rounding media, ^^utc^en in 
the case of these protoplasmic structures the results scaicely warrant the 
lielief that there is anything exceptional in their higher resistance since 
it only places them in the same category with sucli other oxciUible tissues 
as muscle and nerve, winch have been shown to offer a greater electri¬ 
cal resisttinco in the transverse than in the longitudinal cbrection 


On the Formation of the JVlvie l*lexus, with (‘sj)eeuil liel’erence 
to the Nervus Collector, in tlu* Genus MuhIcIus'* Hy Jt. C. 
PUNNETT, B.A., Scholar of Gonvillo and Cams College, Cam¬ 
bridge Communicated by Hans Gadow, F.liS Iteccived 
June 30,—liead November 10, 1890 

(Abstract) 

The mam object of this investigation was to iiRCcrUun whothci .it any 
period in the development of the auiinal selected, the number ot 
branches composing the tollefim* w;w greater than that found in 

the lulult. As a logical consequence of Gegenbauris theory we bhould 
expect such to bo the case, and the ontogenetic histoiy of the nrt mis 
vUlector recorded in this paper, its m.axinmm de\elo])ment in young 
embryos, and its subsequent gradmd decrease through the later stages 
of embryonic existence leading to its condition in the adult, must, if 
there is any truth in the recapitulation theoiy, all jioint to its primitive 
character. 

The history of the posterior collector, the very existence of which 
has not hitherto been descrilicd, throws important light upon the theory 
mentioned aliove. Hero wo have a collector forme*I in the embryo, 
from which in later stages the component nerves separate and run 
singly into the fin. Such a fact points very strongly to the collector 
condition being more primitive than that condition in which the nerves 
reach it without previously effecting any junction with one another 

It is further shown that the formation of this collector is due to 
migration of the whole fin rostrally, and not merely to a contraction of 
the fin area, and in support of this the following evidence is brought 
forward. Tlie two species, M, Imvis and M, vaUfuiiSj differ from one 
another chiefly in the more rostral position of the pelvic girdle in the 
former. That it is highly improbable such a condition should bo due 
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to excalation of vortobreo between the pelvis and head region of M, 
hrvts is shown in such facts the following;— 

The great amount of both excalation and intercalation which 
must 1)0 going on in different regions of the animal on such a 
hypothesis 

{If) In some wibes the girdlc-piercing nerve may piss partly over 
and iiartly through the girdle, not showing thjit rigidity which 
on the oxwilation theory wo feliould l )0 led expect. 

. (f) ITio senal numlKjr of the girdle-piercing nerve may bo different 
on the two bides of the satno individual 

On the hypothesis of migration such facts receive an easy ex¬ 
planation, which IS also in accordance \vith the existence of a greater 
caudal extension of the area of innervation of the pelvic fin in the 
males of M hvms than the females, and in the gi'eat amount of 
variability in M, hrvt^^ which species we suppose to have been derived 
from a more stable form such as -/If. rith/mi.'* by a rostral migration of 
the pelvic girdle. 

Hence migration l»cing rcMidero<l very probable on other grounds, the 
posterior collector must be supposed to bo formed as a direct result of 
that migration, and its undoubted connection with the shifting of the 
fin along the vertebral columti is of great importance in explaining the 
formation of the anterior netriis CftllfHoi, 


“ On the Least Potential Diffei'cnce required to produce Discharge 
through various Gases.” By the Hon. 11 J. Strutt, B.A., 
Scholar of Trinity College, Cambridge. Communicated by 
I-ORD IIaylkigh, F.ILS lleceived Octobei 17,—ReadNovem- 
lier 1C, 1899. 

(Abstract.) 

The investigation, of which an account is given in this paper, deals 
with the potential difference required to produce sparks in various 
gases, between large parallel planes at a fixed distance apart, and at 
various pressures. 

It was found by Mr. Peace* that ihe striking potential between two 
parallel plates in air diminished as the prossiuro diminished, till a cer¬ 
tain point was reached, and then began to rise very rapidly. The 
pressure at which the striking potential was a minimum, depended on 
the distance between the plates, and increased as the distance was 
lessoned. The minimum potential itself, however, varied very little 
with thp distance between the plates. 

This minimum potential was of the same order as the cathode fall 
* Roy. Soc. Proc.,* vol. 62, p. 9P. 
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of potential in air, aa has been pointe<l out l)y PiHjfossor J. J. Thom¬ 
son.* The following explanation may 1)6 offered of the fact that there 
is this minimum striking potential, and that it is approximately con¬ 
stant. 

The negative glow in any gas, as has been shown by Warburg, t re¬ 
quires for its production a definite difference of potential (about 340 
volts in the case of air) independent of the pressure an<l constant, so 
long as the glow is not ciushefl into a smaller spice than that which 
it would naturally occupy. If the glow is cnishod, the necessary poten-^ 
tial is greater 

Let us now suppose that the discharge takes place between two 
parallel plates. A part of the space between these plates is occupied 
by the negative glow, a part by the positive column. So long as any 
of the positive column remains, it is clear that the negative glow is not 
constricted, and consequently it only reqiures 340 \olta to pro<luco it. 
The greater the length of the iwsitive column, the greater the corre¬ 
sponding potential difference, so that the striking potential will bo the 
least possible when the pressure is low enough to make the negative 
glow occupy the whole space Ijetweon the plates, but not low enough 
to make it require more. 

My experiments have been undertaken with a view to obtaining 
further experimental evidence on these ideas. The sparks were taken 
between largo metal plates, ^ mm apart. Fur details of the apparatus 
and method of experimenting, the original piper must be consulted. 
There also will be found curves showing the relation lictweeii spark 
potential and pressure for the following gases : atniosphoi ic air, hydro¬ 
gen, nitrogen, helium. 

I give here only the minimum value of the spark potential found 
for each, together with the cathode fall of potential given liy 
Warburg:— 


Nature of 

Cn(h<Kle fall 

^ 31j{iittiuni spnrk potential. 

Atmoflplieno air. 

volt**. 

340—860 

sou 

Yarisblo, 815—840 
X30 

226 

volts. 

341 

.102. 308 

347, 361. »69, 388 

251 

Variablo, 320—281 

if ydrogen... 

Quinary nitroacn..• . 

Nitrogen ^peci^lT freed 
from all tracer of oiygen 
HeUum.. 



It will be seen that on the whole, the evidence is in favour of the 
views explained above. 

* * Recent Besearchefl ia Blectnoity and Magnstiani,* p. 158. 
t • Wiod. Ann ,* vol. 81. p. 679. 
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It was found impracticable to get accurately consintent results in 
the case of helium. Some cause, the nature of which has not been 
traced, made the results differ with different siimples of the gas, although 
ill each case care had lieen taken with the purification. The helium 
cunu 3 , however, shoM^s very ijecuhar features, the spark potential l>eing, 
for a wide range of pressure in the neighliourhood of the minimum, 
almost independent of the pressure. 


Nttrf'nilit'i 2.3, 1899 

The LOUD LlSTKlt, F.ILC.S, D.C.L., President, in the Chair. 

Pi’ofcssor Kdwanl Divers (elected 18H5) was admitted into the 
Society. 

A List of the Presents received was laid on the table, and thanks 
ordered for them. 

In pursuance of the Statutes, notice of the ensuing Anniversaty 
Meeting was given from the Chair, and the list of Officers and Council 
nominated for election was lead as follows.— 

P}('suhnL —Lord Ln>ter, F.U.C.S., D C L,, LL.D. 

Trmmici ,—Alfred Bray Kempe, M.A. 

K C B., D.C.L., LL.D. 

* ‘ \ Professor Arthur William Rucker, M.A., D.Sc. 

Fmtiijn Secietanj. —Thomas Edward Thorpe, Sc D., LL.D. 

Otyv uf 6V/w/ni/. —Hoiace T. Brown, F.C.S. ; James Bryce, 

D.C.L.; Captain Ettrick William Creak, R.N.; Professor James 
Dewar, M.A., Professor hldwm Bailey P^lliott, M.A.; Hans Friedrich 
Cadow, Ph D ; Professor William Dolnnaon Halliburton, M.D.; Pro¬ 
fessor William Abbott Herdman, D Sc., Sir Andrew Noble, K.C.B.; 
Professor Arnold M'llliam Itoinold, Af A ; (leorge Johnstone Stoney, 
D.Sc.; George James Symons, F.R.Met.Soc., J. J. H. Teall, M.A^ ; 
Professor Joseph John Thomson, AI.A.; Professor Edward Burnett 
Tylor, D.C.L.; Sir Samuel Wilks, Bart., M.D. 

The following telegram from Her Majesty's Astronomer at the (^pe 
of Good Hope was reail.—“ Lines of ^ta Crucis 4552, 4569, 4575, 
described unknown in my April paper, Lunt finds due to silicon. 
Paper follows.” 

The following Papers wore read:— 
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1. Note on the Spectrum of Silieium ” By Sir J. Noumax Lockykii, 
K.C.B., F.RS. 

II. “IVeliminary Table of Wavc-longths of Enhaiico(1 Lines.” By 
Sir J. Norman Lockyer, K.C.B., F.US. 

III. “ The Colour-Physiology of Hippohfifi m/iVow.” By F W. KEFhi.E, 

and F. W Gambt.e. Communicated by Professor S. J. IIicKsoN, 
F.R.S. 

IV. “The Medusffl of By Professor S. J. Hickson, FUS. 


Ni)te on the S])e< tnnu of Siliciiun” By Sir Nouman Lockykh, 
KCB, FKS. Bocmed N()veml>ei 9—Read November 2:1, 
1899 

In 1X95, during the course of an investigation of the spectni of 
gases distillcil from the mineral Ehasite, a double lino at XA 4128*3 and 
4131*4 was found in one of the photographs, which could not at the 
time be tiacod to any tcncstnal substance. It was thought that it 
might l»elong to some now gas, especially as there was a welUmarke<l 
^louble in the corresponding region of a Cygni. 

Some time later, shortly after the discovery by Professor Pickering 
^)f a now series of prolwible hydrogen lines in the spectrum of f Puppis, 
an attempt was made to produce this series of lines in the laboratory, 
and the spectrum of hydiogou was examined uiulor different electrical 
conditions. During this research it w;is found that with the use of the 
spark in vacuum tubes of very narrow l>orc, with largo jars in circuit, 
the same double lino noted in the eliasito photograph made its appear¬ 
ance, and as in those experimonts the glass on the inside of the capil¬ 
lary of the vacuum tube had become partially fused, silicium suggested 
itself as l>oiiig the origin of this so-called ** unknown ” double. That 
this was correct was provofl directly afterwards by photographing the 
spectrum of a spark over SiO-i in a retort, the double in question lieirig 
the most prominent featiu'o of the spectrum.^ 

In addition to this double, a wider one at XX 3856 1 and 3862*7 was 
noticed, and as the two components also agreed very closely in position 
with lines in the spectrum of a Cygni, it was concluded that silicium 
was the true origin of the linos.f 

• A lilt of the iperk linei of lilicium was pubhiliod by Kder and Valenta in 
1803, and the identity of the strange doable would probably have been eeUblished 
before by a reference to that list, had it not been for a large error in the wave¬ 
length one of the oomponenU of the doable as recorded by them, 

t The probable explanation of the appearance of the silicium double in one of 
the photographs of the spectrum of the eliasite gases is that one of the platlimm 

2 L 2 
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Very few reconls of work on the silicium spoctriim have been pul)- 
lishocl by later spectroscopists, but Eder and Valenta* give lines agree¬ 
ing in wave-length with those mentioned, as shown in the accompanying 
table. 


1 

X. 

j (Lockyer). 

1 

A. 



j Int. 

(Eder and 
Valonta). 

Int. 

Remarks. 

{ SH56*I 

6 

8855 *7 

i » 


' 3862*7 

4 

3862*5 j 

t 3 


4128*1 

8 1 

4126*5 

4 

Probably a misprint for 4128 *6 

1 

4131*1 

4 ! 

4181*5 

4 


Later experimerkts on the spark spectrum of sihcium with the aid of 
the large Spottiswoode cod, and on the spectra of silicium compounds 
in vacuum tubes, reveal other linos of that clement no less interesting 
from a stellar point of view than those previously mentioned. 

We learn from these recent observations that the linos of sflicium 
may lie divided into throe sets, no two of which behave alike under 
\arying electrical conditions. The wave-lengths of the linos composing 
the different sets are: — 

3856* 

3862*7 ' . 4089*1 1^ 

4128 1 • 4110 4 J ' 

41311. 

There is a lino at X 3905 8 which is associated in the spark spectrum 
of silicium with the lines in set A, but while those are entirely absent 
from the arc spectrum of silicium, 3905*8 is a strong line in the arc 
spectrum. This lino differs from the others, therefore, in not lieiitg 
enhanced in intensity in passing from the conditions of the arc to those 
of the spark. So far as is known, the lines in sets B and C have not 
been i*ocordod by any other observers of the silicium spectnim. 

The l)ehaviour of the three sets of lines in terrestrial spectra is 
shown in the following figure. 

It is found, on investigating the occurrence of these silicium linos in 
stellar spectra, that the three sets of linos respectively attain a maximum 
intensity at the throe different levels of stellar temperature represented 
Pt y* f Orionis. 

]>ol«s of the **steeple" used in that particular case had broken off close to the 
I^Ues, and the latter was fused by the heat from the spark. This is the more likely 
at the double lino only appeared on one edge of the apeotrum. 

* * Denkiohr. Kais. Akad* Wistensch., Wien.,' toI. 60,1898. 


4552*8 T 
45G8 0 Sc. 
4575*3 J 
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1. S 1 F 4 vacuum tube (capillary). 

2 . SiO) spark with tipottiswoode coil. 

3. Vacuum tube (bulb) iSiOs ^park with small toil. 


The acconipaiiyiiig figure shows the ^lehavioiir of the ditteicrit sets 
A, B. fUid C ill the spectra of y, f Orio/iis. 


A B c 



1. ( Orioiiis. 

2. 7 OiioiiiA. 
3 P OnoDiM. 


AV^e find that set A is most prominent in the spectrum of /d Oiiotm, 
that set C predominates 111 the spectrum of y Orionis, and that set B is 
hy far the strongest in that of { Orionjs. 

That the stars named represent three different grades of tempera¬ 
ture, C OrioniB being the hottest, and p Orionis the coolest, has been 
previously deduced by the discussion of other lines in thoir spectra. 
This result was embodio<l in a paper “ On the Order of Appearance 
of Chemical Substances at different Stellar Temperatures,” which 1 
read to the Society in February of the present year. In that paper 
X Crucis was given as u typical star representing a stage of tempera¬ 
ture between those of /3 Orionis and ( Ononis. That star can bo very 
well replaced for the purpose of the present discussion by y Orionis, 
the two spectra being nearly identical. 

The line at X 3905*8 previously mentioned as occurring 111 both arc 
and spark spectra, is not reproscutod in the spectra of any of these 
stars. It is possibly present in the spectra of stars like the sun, as 
Bowland records it in his “ Preliminary Table of Solar Spectrum Wave- 
lengths,” as being coincident with the well-marked Fraunhofer line 
at A 3905*660. This coincidence, however, is open to doubt; from a 
comparison of the Bowland gratuig photographs of the siheium spark 
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Bpectrum and the solar spectrum taken at Kensington, the siliciuni 
line apparently agrees better in position with the loss refrangible edge 
of the sobir lino than with the middle. 

Before this point can bo definitely settled, still larger dispersion will 
have to bo employed. 

In the piipcr mentioned, it was shown that silicium made its appear¬ 
ance first at the temperature represented ])y a Urste Minons, and 
8trengthene<l at the higher temperature of a Cygni and /J Orionis, 
aftorwanls weakening as wo piss through the still higher temperatures 
of f Tauri and y Ononis, until at the ( Ononis stage it is Ixjrderiiig on 
extinction 

In the same paper the lKjha\ioiu of a line at X 4089*2 was plotted,, 
and at the same time it was (juoted as an “ unknown ” line. 

It is interesting to note that this lino is now traced to silicium, and 
is the strongest lino in sot B. It is appaicntly a shoit-lived lino in 
stellar spectra, as it oidy occurs between the stages of temperature 
represented by y Otionis and ( Ononis, being one of the weakest lines 
in the s^iectnim of the former star, and one of the stiongcst in that of 
the latter. 

Alost of the photogi'aphs of the silicium spectrum under varying 
conditions wore taken by M r. Butler. The wave-lengths of the lines, 
have been ve<luced by Mr. Baxaiidall, and he is also vcs^xuisible for 
establishing the identity of the terrestrial and the stellar lines. My 
thanks are due to him also for help m the preparation of the present 
communication. 


Preliminary Table of Wave-lengths of Enhanced Lines.” By 
Sir Nouman I^l’KYEU, K.C B., F.K.S. Beceived November 9, 
—Head Novomlior 23, 1899, 

iThiiOtlilitWH. 

In the year 1881 I communicated a paper* to the lioyal Society in 
which I described some experiments relating to the brightening of some 
lines in the spectrum of iron on passing from the arc to the spark. 

It was found that in the case of iion, the two lines in the visible 
spectrum at X 4924*1 and X 5018*6, on liowlamrs scale, were greatly 
enhanced in brightness, and wore very important in solar phenomena. 

The work was aubsoqucntly carried into the photographic region of 
the spectrum with very interesting results, since it was found that 
several other lines were enhanced at the highest temporaturo I could 
then obtain. 

In a later papert I described the results obtained in further photo- 

• ‘ Boy. 8oo. Proc / 1881, vol. 32, p. 204. 
t * Boy. 3oc. Proc to! 61, p. 168. 



Pixlimimry TaWc of Wave-lmigtlis of Enhanced Lines, 453 

graphic investigations of metals at high temperatures, dealing specially 
with the spectra of iron, calcium, and magnesium, and more recently 
still,* I referred to the enhanced lines of other substances, but re¬ 
frained from giving a list of the wave-lengths of the lines photographed, 
as the senes of comparisons with the large Itowland grating was not 
then completed. 

The important p*irt w’hich the enhanced linos of the elements play 
in the study of stellar spectra cannot bo over-estimated, but a great 
advance can only be made in this direction by a systcnuitic examnia- 
tLon of the spectra of all the eloinenta. Such an undeitaking as this 
involves considerable time and laliour. I have lieen fortunate enough 
to have the use of the large 42-inch Spottiswoode coil for a shoi t spiice 
of and employed it in tins work, for which it is specially adapted, 
as the brilliancy of its spark shortens the time of exposure. Although 
I ha>o previously stated my indebtedness to Mr. Hugh Spottiswoode 
and Mr. (t. Matthey for their assistance, I wish again to express my 
liest thanks to them, and 1 must now add Professor Moissaii and Sii 
William Crookes, who have kindly supplied mo with some spocimouH 
of metals. 

The elements which have been dealt with in this investigation are 
the following —“ Alunnuium, bismuth, chromium, copper, iron, mag¬ 
nesium, manganese, titanium, and vanadium.” 

For efich of these elements the spi^rk and arc sjiectra weie photo¬ 
graphed and compared, and the wave-lengths of the enhanced lines, 
that is, those hues which are intensihed in passing from the temperature 
of the electric arc to that of the spark, were determined. 

Method of Itedintimi, 

The methoil of reduction was as follows:—The sjiark spectrum of 
the element was fii’st compared directly writh the spark spectrum of air 
between platimuu poles, and the air linos weio thus eliminated. The 
spark and arc spectra of the element being taken on different plates, 
were then compared, and the linos present m the spark spectrum but 
absent from the arc, or lines relatively more intense in the spark than 
in the arc spectrum, wore noted. The ^ ^ave-lcngtha of these lines were 
then determined by direct comparison with a solar spectrum taken 
under the same instnxmontal conditions, and reforcnco to IiowIand*s 
list of lines in the normal solar spoctrum. 

histmnients ErnjdotfeJ, ^ 

The grating use<l is a 6-mch concave one, having a surface 2 inches 
by ^ inches, ruled with 14,438 hues to the inch, and a radius of 
curvature of 21 feet inches. The instrument is mounted in the 
• * Eoy. Soc. Proc / vol. 61, p. 441. 
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manner descnl>e(l by Kowland, the camera and grating Iwing at oppo¬ 
site ends of an iron girder adjusted exactly to the radius of curvature 
of the grating. It has been found that by carefully making the adjust¬ 
ment the scale can be maintained constant within a \cry small limit, 
and the conditions were such that it was possible Co use plates IK inches 
long without bending 

In some cases a Steinheil prism spectroscojic was used. The disper¬ 
sion arrangement of this instrument consists of four dense flint prisms, 
three of 45“ angle and one of 60“. Those are fed by a collimator of 
1^ inches aperture arid IK^ iiichos focal length. The camera objective 
18 a single quartz lens of inches aperture and about 54 inches focal 
length (for X 4340), the non-achromatism of which necessitates a con¬ 
siderable inclination of the photographic plate to the axis of the lens. 
The total deviation for the blue region of the spectrum is about 150". 
The scale of the spectrum is as follows •— 


1^- ^ 2J inches. 

F-K ^ 6i „ 

The spark conditions were as follows:—The Sjaittiswoodo coil is 
capable of giving a spark 42 inches long ut air. For spectroscopic 
purposes, however, a condenser is inserted in piirallcl with the second¬ 
ary circuit, the length of spark then obtainable depending on the 
capacity of the particular coiKlenser used. These have varied from a 
single gallon jar to a battery of twelve jars of about 15 gallons each, 
and finally a plate condenser has Imjoii used, at the suggestion of Pro¬ 
fessor Boys. 

This consists of thiity sheets of plate glass, 30 inches 1)y 25 inches, 
with tinfoil, 24 inches by 12 inches, Ijetwoon each pair. The spark 
under these conditions varies from about 25 to 2 mm. in length, ami 
this was again further controlled in intensity and duration by a 
secondary spark gap in scries with the one containing the metallic 
poles. 

The primary was fed from the street circuit at 100 volts, the usual 
current employed being about 25 amperes. Interruption of the cur* 
rent in the pnmary was by means of a mercury break actuated I)y 
hand. 

In the case of the are, the exposures lasted generally for about 
fifteen minutes, while an hour and a quarter was the average time 
given for the spark. 

My thanks are due to Mr. C. P. Butler, who was employed in taking 
the photographs, to Mr. F. E. Baxandall, who is responsible for their 
discussion, and to Dr. Lockyer for assistance in the preparation o^ this 
note. The enlargement of portions of the arc and spark spectra of 
titanium was made by Sapper J. P. Wilkie, R.E. 



456 


Sir J. Norman Lockyer. 

Tuhle», 

In the following tables, in which the elements are arranged alpha- 
1)6tically, will bo found the wavodengths of all those lines which have 
been observed as enhanced in the region examined. 

The first cohimn gives tho wave-lengths of the enhanced lines, the 
second and thinl their intensities in the spaik and arc respectively 
(maxinmm intensity « 10), aVid tho fourth column is devoteil to 
remarks. 

In the case of iron and copper I give in addition the wave-lengths of 
the spark lines obtained by Herron Exner and Haschek* and Eder and 
Valenta respectively.t 


Alufmniam, 


r 

Int. 

Int 


A. 

in 

in 

Remarks. 


spark 

arc. 


3900-68 

6 

0 

Enhanced hne of Ti at X 3000 68, 

4480 00 

6 

0 


; 4613 *20 

0 

0 


4529 80 

10 

0 

Knhancod line of Ti at A 4520 6. 

4C63 -70 

1 

10 

0 1 

1 




X, 

Int. 

in 

spark. 

Tnt. 

in 

arc. 

Remarks. 

S846 '1 

3 

0 


8840 -3 

5 

0 


3804 6 

8 

0 


4079-3 

8 

0 


4081-6 

2 

0 


4245*3 

3 

0 


4250*8 

10 

0 


4272*0 

a 

0 


4802-4 

9 

0 

Enhanced Ti line at A 4302 *00 

4808-8 

2—3 

0 

„ „ A 4308 -00 

4828-6 

5 

0 


4340-7 

5 

0 


4387*0 

3 

0 

Enhanced Ti line at A 4387 *01. 

4301-6 

8 

0 


_ _ 


'_ 

_ _ __ 


* W. MarshBll Watti, * Index of Spectra,* Appendix J, p. 2. 
t I£id,, Appendix H, p. 88. 

X The ware-lengths are only given to five figures, as greater accuracy oanfiot be 
obtained owing to the great bnadth and fusxmeesof the hues. 
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('hiomum. 


Int Int. 
X. m in 

•park arc 


Hcumrks. 


4088 
4242*62 
4262*14 
4284 *38 
4658*83 
4588*38 
4692*50 
4619 *71 
4634*25 


0 

trace 

0 

0 

4 < 2 

4 j 1 

trace ' 0 

1—2 trace 

'f 1 Intenaity in apark difficult to determine owing to 

aiiperpoiition of an air line. 


Ctippei . 


A. 

Lookyer 

Int, 

in 

Bpark 

Int. 

in 

are. 

X. 

£der and 
Valenta 

Int 

111 

apark. 

Remarks. 

4046 

4556'10 

2 

6 

0 

0 1 4665 


Enhanced line of Fe at X 4556 *10. 


* Seen only in apectrum taken with 4.pTiam Steinlieil spectroacope. 
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lton» 



Int. 

Tnt 

A.. 

Int. 


A 

in 

in 

Exner and 

in 

Komarks. 

Lockyor, 

tipark. 

arc 

Haaohek 1 

spark 


3839-78 

2—3 

0 

3839-87 

2 


3846*56 

2—3 

1 

3848-54 

2 


8868-87 

3 

1—2 

3863 ‘86 

I 


3871-86 

4 

1—2 

8871 -88 

3 


3906-04 

1 

0 

8906*2 

la 

8i spark line at X 3906 *70, 

3936 -92 

5 

4 

3930-90 

2 


3939-88 

1—2 

0 

3939-06 

la 


4002-77 

1-2 

trace 

4002*75 

1 


4048*82 

3—4 

2 

4049 *03 

la 


4066*63 

3 

2 

4055 58 

1 


4173 *62 

3 

1—2 

4173 *69 

2 

Enhanced lino of Ti at \ 4178 *70. 

4178-95 

3—4 

trace 

4179 01 

2 


4233 26 

4-0 

0 

4233*26 

4 


4296*65 

2 

0 

4296 73 

1 


4802*35 

2—3 

2 

4802-32 

1 

Enhanced line of Ti at A 4302 '09, 

4851 03 

5 

0 

4351 89 

2 


4386 55 

3-4 1 

trace 

4385*55 j 

1 


4451*76 

3 

2 

4451-70 

la 


4462*30 

2 

0 

4462*15 

la 


4489 86 

1 

0 

4489 *34 

la 


4491 *67 

2 

0 

4491 '58 

1 


4608*46 

5 

trace 

4508*42 

2 


4516 *61 

4 

II 

4516 49 

1 


4620*40 

3 

1 

4620*41 

1 


4622*09 

6 

2 

4622-80 

2 


4641-40 

3 

1 

4541 68 

1 


4640*64 

7 

1 

4549-65 

3 

Eulianced lino of Ti at A 4549 81. 

4656*10 

5 

0 

4666 04 

1 

y, „ Cu at A 4560 *10. 

4570 *61 

1 

0 

4576*48 

1 


4584*02 

8 

1 

4584*01 

4 


4629*60 

4 

0 

4629 '61 

1 


4685*40 

3 

0 

4635 50 

la 


•4024*11 

8 

0 

• 9 

, a 



•6018*63 

7 

1 

• • 



Kxner and Haschek’a observations 

•6169 *07 
•6169*22 


2 

• 9 

.. j 


do not extend to this region. 

•6816*79 

3 

0 

9 • 

• • 

J 



* Reduced from photograph Uiheu with two O^inoh objective priimi, 
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Magneshm."^ 



lut. 

Int. 



in 

in 

Remarks 

_ 

■park. 

arc. 


4895*0 

, 1 

0 

Snhanced line of Ti at A 4895*20. 

4481 *8 

1 10 

0 



MtnujiUteHf, 


--- 

— ' - 

— 

- _ — - — 

i 

Int. 

Int. 


X. i 

in 

in 

Remarks 

1 spark. 

arc. 


4000*30 

2 

0 

1 

4105*06 

3 

0 

1 
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0 
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‘ 2 

0 

• 
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1 
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- - _ — 



__ . _ 


* The wave-leagthi are onlj given to five figures, as greater aocuraej cannot be 
obtained owing to the broad and fluff/ nature of the lines. 
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1 
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1 
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6 
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Enhanoed lino of V at X 4053*80. 

4066*19 

2 

1 
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3 
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2 
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4341*68 

8 

1 
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1 
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4 
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1 
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1 
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— 
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'‘The C*)lour-PhyBi(»logy of Hippo! jftc larwus'' By F. W. Keebi-k, 
(’aiuB C'Ollege, Caiiibrulge, and F. W. (i amble, Owens College. 
Manchester. Communicated by ProfeHsor S J. Hicksox, 
F.II.S. Received October 25,— Rent! Novemi>er 23, 1899. 

The following paper gives in a categorical fa^shion the chief results 
of a research on the changes of colour in the prawn HippoJyte vonana. 
The work was carried out last year pfirtly iii the Zoological Labora¬ 
tories of Owens College, Manchester, partly at the station furnished 
by the Lancashire Sea Fisheries Coinmitteo at Ihirrow; and during the 
past summer in M. Perrier’s Laboratory at St. Vaast, Normandy. A 
fuller description of the experiments, together with figures, will appear 
shortly. The present alistract contains the following sections;— 

L Previous knowledge of colour-change in Hippohjte vat laivt, 

11. Methods adopted for obtaining reliable coloiu* records— 
a. Colour registration. 

/>. Ghromatophore examination. 
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TIT. The nature of the '‘chromatophores ” and their pigments. 

IV. The habits of IIij>pdyte miians. Sexual dimorphism. 

V. The nocturnal colour. Nocturnes. 

VI. Periodicity of coIour<change. 

VII. Range of coluur^hange. 

VITI. The causes of change in colour. 

(I. Colour of the surroundings. 
k Light-intensity, 
r. Electric and other stimuli. 

IX. The rdle of the eye and nervous system in the control of the 
colour-form. 

X. The ** chromatophores of larval forms 
I. Ptenoui^ KmwMijf*, 

The facts previously known may bo arranged in throe groups. 
The great variety of colour displayed by different specimens of Hip/ift- 
hftt mrvinif: the “ mimetic resemblances ” l>etwoen those colour-forma 
and the Algw upon which they live, and the power which these 
colour-forms possess of undergoing a change of tint under different 
cdhditions of illumination. It is known that the so-called ** chromato¬ 
phores " contain differently coloured pigments by which both the pre¬ 
valent tint of the prawn and its colour-changes are determined. The 
arrangement of these colour-elements in the body and the pigmentary 
conditions of the various colour-varieties have not been hitherto care¬ 
fully examined. The factors which determine a change of colour, the 
extent of these changes, and the mode in which they are effected, may 
Ihs said to be hitherto quite unknown. 


II. MeUuxl of Obtaining Rfltabh ColotiI-it'wi(Is, 

(a) Records of colour must be made under constant conditions of 
illumination, otherwise they are not strictly comparable, and fine 
shades of colour escape notice. They must be made rapidly, otherwise 
the light used for recording ihduccs a colour-change and becomes, in¬ 
stead of a guide, a source of error. Finally, the light must be such as 
to enable a apee<ly record to be made, and yet one which itself induces 
a minimum change. 

Many devices have been tried, but no completely satisfactory method 
has been obtaino<l. We use, a!s most convenient, bright diffuse sunlight 
reflected from a white ground; and for a comparison of day and night 
colours, incandescent light. There are, however, several objections to 
these modes of illumination, the chief among them being that tmder 
certain circumstances, white light produces a very rapid change of 
colour. 
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(fi) During microscopic examination, grave coloiir'changes often 
occur; yet with practice, a very rapid examination may bo made, and 
BO the aourco of error considerably reduced The colours to be re- 
cordetl are often several, the gross colour of the animal being seen 
under the microscope to be due to several pigments (see below Sect TTI) 
These pigments are differently <li8tnbute<l in <iifferent coloui -foims, so 
that the pigmentary records become rather complicated Any })ut the 
briefest microscopical examination throws the nei vous hystom of the 
animal out of gear, produces after-effects, a ml too frequently renders 
the animal useless for fuither experiment Conti ol-s|jccimens must 
be used before conclusions can bo diawn from the simplest oxpciiinentri, 
and experiments must be confirmed several times Added to these 
difficulties IS this, that colour-change in is no Mmplo leflox 

affair taking place “ with the certainty of a physical oxpoiiment,” but 
IS one subject to what, in times of difficulty, seems to amoiuit to mu If u I 
jicrversity What wc behove to be the chief element in this seeming 
perversity is deBcnbe<l under the head of Pciiodicity in Section VI. 


III. NttUne of “ ChroniftifypfMt f s ” 

The colours of the pigments in the chromatophores’* detei miner 
the tint of the prawn by their disposition and the depth of its colour 
by their abundance. The “chromafcophoies " are by no means the 
simple, stellate, cellular, dermal sitnictures which they arc coinmoidy 
supposed to lie One aeries of them lies under the epidermis, another 
is interspersed lietwocn the muscle fibres both of the groat fiexors and 
extensors of the tcul and those of the appendages, while a third series 
—often forming great splashes of colour—invests the gut, nerve-cord, 
liver, and other internal organs. 

In simple colour varieties—brown for insUincc—the pigment of the 
skin forms a dense network obscuring the “ musclc-chromatophores.” 
In such cases the colour of the prawn is deterniimxl by the colour of 
the superficial network. In other cases, when the prawns aio lianded 
or boldly barred, the colour-elements of the skin are absent or have no 
pigment, and the deep “ chromatophores ” alone dcteimine the colour 
of the pattern. In many we have found that distribution 

of the pigment is the same in the skin-chromatophores and in the 
muscle-fibres which underlie them. The two sets are co-ordinated. 
This correspondence applies to other Crustacea, though it has not 
hitherto been recognised. 

The pigments present in the ehromatophoi'cs ara limited to ml, 
red and yellow, or red, yellow, and blue Those three may bo present 
together in one and the same element. During colour-changes they 
are distributed independently of one another in the sense that one 
pigment may liecomo aggregated in the centre of the ** chromatophore,” 

VOL. LXV. 2 M 



464 


Messrs. F. W. Keeble and F. W. Gamble. 


whilst another runs out into its network of processes. Change of 
colour appears to be <lue to u fresh pigmentary deal of the shuffled 
coloui-pack. 

Whethoi chemical changes play a part in converting one pigment 
to another or no» we are not yet in a position to say. All the evi¬ 
dence we have is against the view that the colour-elements of HtpjHi- 
lyte are cells like the chromatophores of the frog. The “ rauscle-ehro- 
matophores ” l^r tubular processes limited by a distinct membrane 
The processes of the skin-chromatophores penetrate between the 
epidermal cells and form networks. The movement of the pigment 
is not due to a change in the form of the chromatophore ” but to 
a movement flowing to or from the central part. Further details of 
those colour-elements are given in our huger papet 


IV. The HabiLs of Ilippolyte varians 

HipjHilyte lives m swarms amongst the woods of the seashore. In 
some places it is most abundant upon the I{ali(f/y.s and other algsp 
which flourish luxuriantly in the *Maminanan*’ zone, and are only 
exposed by voiy low spring-tides. In othoi places the Zoideia-heds 
and the masses of Funta foim its chief resorts. Each colour-variety is 
a marvel of protective coloration. Each is to bo found among weeds 
of a closely similar hue and adheres to its chosen habitat with the 
greatest tenacity. Though it has the powei of making powerful leaps 
and of swimming, only under the greatest provocation can Ilippolyte 
be induced to take this exercise. At night as well as during the day 
these prawns are still to bo found on their food-plants, and, should the 
receding tide lay the weeds bare, the Ilipjmh/tr may still be found Ijy 
shaking thorn into a not Should the special loo<l-plants of any given 
colour-varieties be mixed with other weeds, the prawns will after a 
time select, each aftoi his kind, the weeds in which it naturally feeds 
and with which it agrees in colout Generally speaking, Hipjtohjte 
prefers shade to direct sunlight oi to artificial light. The emerald 
green variety found on Zodcio, whether at a comparatively high zone 
on the shore or in the “ laminarian ” zone, is exposed to a considerable 
amount of light on account of the “ blades ” of this grass l^eing 
separated from each other and not growing in the shade of deep rock 
pools. The bmwu and red varieties of HipjKtlytc are, on the other 
hand, associated with dense masses of weed attached to rocks; so that 
the light-intensity in which they live, even at half-tide, is prolmbly 
lower than that of the beds of Zodmi. The bearing of those facts on 
the changes of colour are referred to in Section VIIL 

Htppolyk exhibits a certain sexual dimorphism both with regard to 
size and to colour. This may lie expressed by saying that the males 
are on the average much smaller and less elaborately patterned than 
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the females, which are more rofioiireoful xh odjixsting their coloiir to 
their surroundiogR. From the point of view of “ protection ” this is 
what might l>e expected owing to the* greater sluggishness of the 
female, which in turn is partly duo to the large mass of eggs or 
developing zocse, which she almost invanahlv carries 

V Thv NiH'Unnn} i*oloin “ 

Whatever the diurnal colour of IbpfHfhffe may he, it changes at or 
soon after iiight-fall to a wonderfully lieautiful transparent blue or 
greeinah-blue colour. Prawns in this condition wo designate as 
Nocturnos The depth of the nocturnal tint is directly propoitionod 
that of the diurnal colour, dark brown prawns l>ocoming deep blue 
ami light ones pale blue. Under natural conditions the noctunud 
colour persists until daybreak. At the first touch of dawn the colon i 
vanishes and that of the preceding day re-appoars. Specimens trawled 
at night and in the early morning before daylight show that the 
noctunial colour is perfectly normal and is assumed by Hippt)hfh‘ 
?Y(n//ns while still on its food plant, Other Cnistacoa too, show a 
peculiar nocturnal colour. for example, of different species ami 

possibly even of distinct genera, show a transparent and blue colour- 
phase at night, giving place during the day to a deeply pigmented 
condition 

Nocturnos are remarkible chiefly but not solely for their peculiar 
pigmentary comlition. The red and yellow pigments are maximally 
contracted, while the blue is present in a very diffuse homogeneous 
condition forming a network which traverses the connective tissue of 
all the chief organs, particularly the muscles The peculiar tiaiih- 
parency which accompanies this nocturnal condition is, however, not 
entirely explicable by the retraction of the red and yellow-coloured 
pigment. It is only one of a number of profound changes affecting 
the body as a whole Indeed wo are prepared to say that the noc¬ 
turnal state opens up a new chapter in biological investigation, and 
that by a study of this condition incroasod knowledge of the succes¬ 
sion of metabolic processes may be gained. 

VI Permluihf of Coloar^Juinffe, 

Under normal conditions HippoUjte miutn^ passes through a daily 
colour-cycle. Its diurnal colour gives place to a slight increase of 
reddish ness—a sunset-glow--just before mght-fall, and this usheis in 
the nocturnal phase. These changes are periodic in the strict sense 
of the woi'd. Though often modified by external agents they exhibit 
a certain independence of them In constant darkness a Nocturne 
recovers its diurnal colour. In constant light (of certain kinds at 

2 M 2 
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least) a dmnml form passes over to the nightly phase. Though light 
often itulucos and induces with marvellous vapidity a-recovery tiom 
the nocturnal phase, it is often powerless to overcome the habit of the 
aiiiinal The periodicity is only slowly worn down in the course of 
two or thi’ce (lays. These changes expi'ess a nervous rhythm; per¬ 
haps a profound and rhythmic course of metalxilit evoiiLs. The 
reddish phase antecedent to the full nocturnal tint probably explains 
the fttiitemont made by M Malard,"* that in daikness Ibppiihjtr vtnmh'i 
iHicomcs red. 

Periodicity is manifested in the colour-Lhange of Uippiihfte which 
have been deprived of both their eyes. The assumption of, and 
recovery from, the nocturnal phase is still effected, but more slowly 
and erratically than in normal specimens 

VII ]tanqe of ( fohw / -/ htt mje. 

Adult animals when placed with weed of a new colour (the 
light-intensity being as far as possible unaltered) arc, under the 
conditions of the lalioratory, only capable of very slow sympathetic 
colour-changes Thus gieen Jfipjxilytc placed on brown weed con¬ 
serve their greenness for a week or more, but in the end give way and 
become brown. Thoir subsequent iccovery when ))lHced with green 
weed 18 more rapid. We have repeated such experiments in the open 
time after time, and have found that the prawns were either quite 
refractory or responded in this slow muntior. Yet these same speci¬ 
mens undergo the changes preceding and culminating in the nocturnal 
coloui and the succeeding recovery to their dmrna! tint, with the 
utmost readiness. The fact that prawns, refractory to sympathetic 
colour-change can and do undergo a rapid change of tint when the 
light-intensity or the quality of the light is altered, is shown by such 
records as the following- A siiecimon, one of a large catch, incidentally 
observed to l>e the blackest we have ever seen, became in a few 
minutes transparent when put in .i white porcelain dish. Further, a 
ready and almost infallible means of producing transparent green 
Hippohjk and even a colour hard to distinguish from the nocturnal 
tint, consists in placing freshly caught prawns in a white porcelain dish, 
and covering the top with a piece of muslin. Under these circum¬ 
stances the change often takes place very rapidly (thirty seconds 
to one minute). 

It is therefore necessary to distinguish at least three kinds of colour- 
change in Hippolyie l^'irst, the iMssage from the diurnal to the 

nocturnal colour-phase followed by recovery to the colour of the pre¬ 
vious day. In this case the phases form a rhythmic daily cycle. 
Second, the colour-changes produced by artificially altering the light- 

• * Bulletin de la Socii'-U^ Bhilomathique de Pans,* »6r, 8, vol. 4,1802, p 28 
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intensity to which the prawns are exposed, or by subjecting them to 
light reflected from white, and especially porcoliim Hurfaces. Third, 
the sympathetic colour-clmngo brought about by (hurige in the colour 
of the surroundings. 

The first of these is habitual or penodic, and may be (piifkly pro¬ 
duced, towards evening, by a profound alteration of the hght-inteusity 
Even the natural recovery from the nocturnal to the diurnal colour 
takes place rapidly with the dawn The second change, as inex]>lical)lc 
in teleological terms as the fiist, is .dso lajiid, often very rapid. 

The third change is extremely slow\ The prawn, in the acquire 
meiit of its adult colour, is guidod and guided solely, so far as 
external circumstances are concerned, by Iight-intensity In response 

to the conditions of light-iiitensity which yirevail in its habitat, the 
prawn metabolises and distributes its pigments But its pigmentary 
forces do not admit of ready mobilisation for puryioses of defence, or 
at least they do not ((Uickly obey a command to move 
by its immobility has gradually growui into its surroundings and 
though, as for example, at night, its pigments may l»e readily aggre¬ 
gated, and a special nocturnal coloni proiluced, yet this mobilising 
power IS not utilised .it all, oi‘ but very slow'ly, to rcdi^tiibute the 
pigments, whoa the colour of the habitat is changeil 

VIIT 77/c CfiHsf's of i^lonoff'of (Hilton 

(ff) Hiiqiohjte grows into luirmoiiy with its surroundings So 
developed It hangs on to wave-swept weeds Should it bo dLshxIgud 
its hope of concealment lies r.ither in rapid choice of .i weed of its 
own colour, than in ;i slow synipathetic coloui-change on its own ptiit, 
for if we may trust our experimental results, a week would ebipso 
before the change could he complete. Monochromatic light (obtained by 
the use of Landolt’s colour-filters), is singularly moflicaciouH in pro^ 
duemg any sympathetic colour-change Rtxl, yellow, green, .ind blue 
b*ght act in this respect like darkness. Uiitlor natural conditions we 
conclude, therefore, that the ultimate colour-change is eflectod by a 
reaction to Ught-intensity, 

{h) After much trouble and many experiments, wo hnd that there is 
no evidence that rays of light, by virtue of their syiecific wave-lengths, 
play any part in changing the coIoui' of the prawns. On the other 
hand wo find that in the diurnal phase, a low light-intensity favoui's 
expansion of the red pigment and so brow'u effects, while increased 
light-intensity produces a green tint. The appreciation of light-inten¬ 
sity appears to be very acute and to l^e the chief agent in producing 
colour-change. 

{c) By ablation of the eyes, electrical stimuli, and heat, colour- 
changes may he induced These agents have l)een employed m tracing 
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the nervous mechanifim of the change, but the histological examuio- 
tion of these experiments is not yet complete. 

IX. Ty Jtoir of flit' Etjv oml Neimi& Effdem, 

item oval of one eye produces no effect on the body-coloui. Itemoval 
of both, either produces no effect or a rapid nocturning. The animal 
IS plunged in night. Under such circuznstjinces the periodic habit may 
re-assert itself and a recovery with subsequent fairly punctual nocturn¬ 
ing take place The chromatophores of detached limbs, and in the 
bodies of blinded specimens, exhibit talterations of their pigments— 
when subjected to different light-stimuh, fpnto similar to those which 
occur in the intact aiiiraal undei the same conditions. Therefore (1) 
an intrinsic rhythnuc nervous change supervises the periodic change in 
the pigments; (2) the eye is the most important auxiliary in modifying 
nervous control, (3) local government plays a part In vanegated 
colour-forms, which show’, as in a mirror, the p.ittern of their weed, it 
can scarcely be doubted that both central and local government 
co-operate, and so protluce a result of such consummate delicacy. 
Here there is expansion of one pigment, here of another, there com 
]ilete contraction. The light acting through the eye on the central 
nervous system cannot be siipjiosed to differentiate itself into such 
diverse stimuli as are requned to produce the colour-variety, laical 
control undci a strong central organisation scems to lie the only likely 
force and the evulcncc lavoui’s this \iew’ 


X. ('Ittattiofophotrs^^ Ilf htn'ol fonos. 

We have succeeded in hatching out the zoeie of and 

in following their de\elopment for a short tune. Several of the colour- 
elements acquire their pigment lief ore the time of hatching. There are 
two pigments, one re<l and the other yellow by reflected and dull green 
by transmitted light. A few chromatophores contain red only. All the 
colour-elements are distributed symmetrically. They occur in the 
neighbourhood of the eyes, the liver, and at the sides of the abdominal 
segments. 

In the zoea the pigments react with Jistonishing rapubty to ceitam 
changes of light-intensity. A bright light brings about very rapid 
contraction, while a dark background effects expansion of the yellow- 
green and more slowly a similar change in the red. A diftiise blue 
substance was noticed frequently as though exuding from the dense red 
body of some “chromatophores.” This may bo the result of a 
destructive action of light upon one or both of the pigments, and 
should this bo so, we may find in a study of the larval stage the 
meaning of the blue colour of Nocturnes. 
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‘Atj Experiiiicutal Kesearch on soiiio StanUanh of Light” By 
J. E. Bktavkl Communicated by Lokd Uayleigu, F.U.S. 
Beceived July 31,—Bead November 16, 1899 

The Htnndards of light may bo divided into two miiin divisions, 

VIZ. .— 

1 , Flame standards. 

2 Incandescent standards. 

The first class comprises such standards )is depend foi their constancy 
on the rate at which chemical combination is going on Almost all 
the standards in actual use come under this division. The British 
candle, the Methven standaivl,* the Han;ourtt penUnc sUuwlard, 
the llefnei-Alteneckt amyl acetate lamp, the Cat cel lamp, and the 
acetylene^ burner are among the best known 

Apait from the large num1)Ci of independent investigatorfe who 
have earned out lesearches as to the relative merits of these sources 
of light, leference may bo made to the reports of several conmiittcos 
which have lieen appointed m this and other counti’ios to investigate the 
subjcct.il 

The geneial conclusions icached may be fairly Hummed up by saying 
that the pentane gas standard ainl the amyl acetate lamp are the 
lights which, fiom every point of view, have l>een found most satis¬ 
factory. Of the two, the Hefner-Alteneck lamp is the l^ettoi krnjwn, 
and has been the subject of the more <Jomplete experimental Htudy, it 
may be taken tis fairly representative of its class. The light emitted, 
ds in the case of all the other fiame standards, is senously affected by 
atmospheric impurities. Lielienthallf has shown that, if t, represent the 

* * Journal of Gob Lighting,’ vol. 40, p 42, lHb2. 

t See ‘Brifc. Aa«oe. Proo.,' 1877, p 61, and 1898, p. 845, «Jao ‘Report of the 
Standard of Light CommitteeB,* as bolow 

t * Elektrotoclinische ^eitBohnft,* vol. 6, p 20, 1884; also ‘Eloctricul Rorieir,* 
lui. 42, p. 769, 1808. 

§ Proposed by Viollo, CJi. Ktfry and FesBendeii (neo' Coinptcs Bendus,’ \ol 122, 
1 ). 79,1806; also ‘ Comptos Bendus,’ vol 126, p 1192. 1898) 

II See Biondel’s Report to the Congr^s International des KlectricienB at Geneva, 
1896; Report of the Standard of Light Committoo’s meeting of the Ttistitute of 
Gas KngineerB, May, 1895, ‘ Joum. of Gas Lighting,* vol. 66, p 1007,1896 , Report 
of the Standards of Light Gommitteo to the British Association, 1888, p 39; 
Dibden's Report to the Metropolitan Board of Works, 1886; Gas Institute Com- 
mittee, 1884, and Board of Trade Committee; Preliminary Report of the Sub-oom- 
mittee of the American Institute of Electrical Engineers, * Transactions,* vol 18, 
p. 135, 1896} Rapport der Photometne Com. dor Vereomging van Gaefabrikanten 
m Bederland, * Joum. fUr Gasbeleuchtung und WaBBerversorgung,’ vol. 37, p. 618, 
1694. 

Y * Elektroteohmsche Zeitsrhrift,* 1896, vol. 16, p. 666. 
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quantity of water vapour in litres per cubic metro of ait, the light L 
sent out will vary according to the foimula— 

I. - 1 049*0 0055/ 

This will fauso .i vaiiiitioii of about 4 per cent from one season of 
the year to another The vaiiations due to this cause are stated to l>o 
still more marked in the Hurcouit and Carcel lamps 

Again, if /) loptcHont the quantity of carlion dioxide present in the 
atmosphere, measnro*! in litres pci luhu metre, the light will bo given 
by the foimula — 

L - 1 012- 00072./1 

V.iiiations in the height of the flame are of the gieatest importance. 
If h IS the height— 

I. - l+0 025(A--40), 
or L - 1 - 0 030 (40 - h), 

aecoiding as h is aliove oi below 40 mm * The moan variation is, 
thotofore, over per cent ix3! mm Owing to the hnght halo which 
8UI loiinds the flame, it is hy no means easy to adjust the height 
coiToctIv 

Finally, although it was at hrst stated that the degiee of puuty of 
the timyl acetate had no veiy consideiable influence on the light, this 
has of late l>een denied, some authorities going so far as to state that 
Rufficiontly puio amyl acetate cannot lie obtained in France t 

Those facts will suffice to show that the variations are mainly due to 
causes inherent in this class of standard Some of the difficulties can 
be obviuLcd by pi’oviding a chemically pure atmosphere, and researches 
Hie lienig earned out in America in this direction, but it is obvious 
that any such improvement will involve a considerable complication of 
the apparatus 

1 nrovdesemt i^tinvdai (h 

In the cubO of standards of this class, the constancy of the light 
depends essentially on the constancy of the temperature at which the 
radiating body is kept, anrl on the constancy of the emissivity of the 
body at that temperature 

The temperature may f>o fixed by some definite physical phenomena 
as in the Blondel and Viollo standards, or it may be determined in a 
more oi less arbitrary manner, as in the Lummer and Rurlbaum 
standard. 

* * Journ. fur Qasbeleuchtung und Wuterrerflorgung,' vol. 31, p. 588,1888, or 
* Kloktroteohnische Zeitachnft,' vol. 9, p. 96, 1888. 

t ‘ Bapport ^ur IfH Unit^ Photom5triquo»,' A. Blondel, Congr5i International 
des Kloctriciens, Gon^ro, 1896. 
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Any solid 8Hl»stanco that would not disiiilegnito at u tempoiature of 
about 1700^ C. might, apiuni^ be chosen as a radiator [t has, how¬ 
ever, been shown that most of the oxides when mamttiinod at these 
high temperatures imdergo a change in their emissive pmperties, and 
cannot, therefore, bo usod for the purpose we have in view* * * § The 
choice thus seems I'estricted in practice either to rarbmi or to one of the 
metfils of the platinum group 

iJeforo [Missing on to the exporimental piirt of the work, it may bo 
well to recapitulate the necessary quahhcations of .1 standaid ol light 
The requirements may be lino/ly summeil up under thicc heads — 

1 The sUmlard must remain constant. 

The slow penodie variations of the amyl acetate lamp which extend 
ov'er a period of sov^eral months are a^ much to lai a voider I ris the 
flickormgs of the ivuidle 01 the hourly changes of the Cared lrira|) 

'2 The standard should )»e lepiofliujble 

This condition is s<itisfied when the stamlardM loconstituUMl by inde¬ 
pendent in vesDgatoi s show no mcasuialde vanation betwwn one aiiothci 

3. The light emittefl shoiilil lie as nearl}' as possible of the sjime 
spectral composition as that ol the iliief artificial lights now in lommnn 
use t 


On //ic InfnnsH llnlltnnnf of tiu (*nitvi c/ thf 

For many years It had been notuod that the aica of tlie ciatci of 
un electric arc w^hen buniing between carbon poles incieaseil about in 
proportion to the (.uircnt, also that the light emitted inircasod in the 
same ratio as the area ot the crater J, These and othei facts leil to tlio 
concluHioii that the temjieiMtuie of the ciatei remained constant Phe 
hypothesis w as put foiward that this temperature vv«ih the iKiilnig point 
of earlion, this theory Injuig supported liy the experiments made in 
1892 by J VioUo,§ In the same youi it was proposed snnultarieously 
by Swinbiu’iie, S V Thomjisoii, and Bloiulel,l| that the ciater of the 
arc should be used as a standard of light, Blondcl publishing a soiics 
of expenments illustrating the way 111 which the new' standard might 
be useil 

In 1894 A Trotter^i proved that when the arc is not silent the ciater 

* KichoU and Crehon, ot Hih Aiiu’r Lust, of UtMJtncal Kiigvol Id, 

p }0O, 1806 

t StnctJy 9 poaking, it uj only when two bghl# nrv of the aanio spoi trsl com)>ofli- 
tion that the ratio of their intensities can bo px])respod by a f^inglo figure 

J Frofoator S P Thomp«oii'i* Cantor Lectures, I89fi, see alwo “The Elwlno 
Arc," by Mrs Ayrton, * The Blectncian," vol 84, p 399,1895 

§ ‘ Journ de Physique,* 8 sfir , vol 2 , p 646, 1893, and ‘Comptes Ronclus,’ 1892, 
p. 1274 

{j See * Proc. of the Int, Klertnoal CongroM at Chicago/ 1898, pp. 269, 267, 315, 

^ * Boy 800 . Proc1894, vol. 56, p 262; see also " Effect of Pressure on tlie 
Temperature of the Are," K Wilson and O. F Fitsgerald, ‘Boy Soi Proc./ 
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is formerl by a point or line of very high intrinsic bnlliancy rotating 
at a speed of from 50 to 450 revolutions per second. 

The existence of the above mentioned phenomenon forms a senous 
objection to the use of the electric arc as a primary standard, but it 
does not, pn render its use impossible.* Finally, the variation of the 
intrinsic brilliancy of the crater is #1 question which in itself offers con¬ 
siderable interest 

The jioints on which the present work bears aie threefold— 

1. What is the average intrinsic brilliancy of a normal (silent) 
arc ? 

2 When the conditions are careliilly specified, are the vanations still 

too gieat to allow of the use of this source of light as a 
standard ? 

3 What variations can l)e obtained by the use of excessive currents 

and current densities, and by surrounding the arc with an en- 
cloHuie maintained at a very high temperature ? 

To obunn consistent results the observations must be made on a very 
small area selected from the central portion of the crater. 

The diaphragm used toi* this purpose is shown in fig .) The 
opening, </, is 1 17 sq mm in cross-section t The diaphragm is 
shaped much like the tuyeie of a bbwt fui’iiaco, and being kept cool 
by a w.iter circulation it can bo placed within <t very short distance of 
the crater of the arc. 

The next question involved was the determination of the host lelative 
jKisition of the carbons In the usual anaiigcniont of Uie arc the centre 
of the ciater is hidden by the negative carbon. A modification of this 
arrangement, used by Blondel, which consists in slanting the carbons 
and placing the positive slightly lichind the negative, was found not 
to Ik; entirely satisfactory An attempt was made to take the observa¬ 
tions through a hole drilled out of the negative carbon (see fig. 1), hut 
when the arc was started this hole became filled with mist, and the 
pl.iii had to ho given up. 

Fig 2 shows diagrammatically the next arrangement which was 
tiled. The carbons nj, a_», /fa, are negative, and form the edges of an 
equilateral pyramid, the axis of which is in the prolongation of the 
positive carlKin P. 'J'he summit of the pyramid is at the point P. 
The erutei formed on the positive caihon by these thioe arcs is in 

Tol 68, p. 174, 1896, Tol. OO, p. 377, 1897 j »ee also the account of the discuBeion 
on thi4 Nubjeot on the lUth February, 1897, at the Soci^t4 Fran^se de Physique 

* On thiB subject nee Captain Abney, * Journ of the Inst Elec. Eng vol. 28* 
p 443, 1809. 

t It has been shown by Professor 8. P. Thompson (soo ' Phil. Bfag.,* vol. 87, 
p 120, 1893) that when diaphragms of very small diameter are used the thioknesa 
of the plate in which the aperture is pierced introduces a serious error in the 
measurements. This difficulty was avoided by eounter-iiuking the opening. 
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IPiO* la 



To PhotcmeCer 


fuJl view, tt»<l go<Kl iCHultfi might have Inien oht^iined in this manner 
Unfortunately this disposition had to l)e iihandoned, as it soon hccamc 
eMdent that it was impossible for one obseiver to mljiist the currentf 
in the three independent electrical cm nits, to feed up the four carbons, 
and to make all the eloctiical and photonietiK nvidings 

Fio 2 —P, po’uiiyepol/' { »i, Mg, ncgatiTc poled; Bj, Kg, B|, vanablo rodidtoncea j 

Bi, Bj, B^, batteries. 



The disposition whuh was hnally adopted is shown m hg. The 
diaphragm d sciews into ii screen s This screen is suppoi'ted on a 
system of pivota and ievclling sciews, so that it can be raised, lowered, 
or turneil lound fi vertical or horizontal axis. The opening d can 
thus be directed to any portion of the crater The [xwitivo carbon is 
horizontal, and so placed that its axis I’oiiicidcH with the axis ol the 
photometer. 

Two distinct senes of experiments were earned out: one with the 
art placed in a metallic enclosure kept at aliout 20' C. by a water 
circulation, the other in the onctosiu'e shown in hg. 3. The tempera¬ 
ture of this enclosure vanefl from the melting point of silver to near 
the melting point of platinum, according to the amount of power 
expended in the arc. Eefei ring to fig. 3, is a carbon crucible sur¬ 
rounded by a thick layer, A, of firebneksand ref ructoiy clay. The outer 
cohering a is of asbestos. Both the high and low temperature enclo¬ 
sures were provided with a small camera oTiseura (not shown in the 
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FiO. 3 — a, AsbuBtOB box ; A, lining o| refnwtory bricks ; r, graphito crucible $ 
df diaphragm , screen 



figure), by aid ot which the lelative positions of the raibona could bo 
adjusted and the length of the ate laeuhurod 

“Apostle” cailions wcie used in all the experiments The size of 
the positive caibon vaiied from 6 to 25 mm in diameter 

To olitain leluble reauita a suflicioiit cm rent density must be used to 
give a faiily laige ciatci The arc must filso Ije sufiiciently stable for 
the crater to romain some considorablo time without shifting its posi¬ 
tion Finally, it is desirable that the aic should }>o burning in a 
normal manner, and therefore ncithei hissing nor I'oanng 

Given those conditions, it is impossible to vary either the current, 
the electromotive force, or the length of arc, within very wide limits 
In the exjienmeiits recoided in Table I, the mean intrinsic brilliancy 
IS 147 candle pouei per square millimetre, the variations from the 
moan amounted to 10 per cent 

Table II gives experiments made undei similar conditions, but with 
the enclosure in which the arc was burning at a temperature of over 
900*' C. The average intrinsic hnlliancy calculated from this table is 
143, or about 3 per cent lower than when the enclosure was at the 
ordinary tomporaturo It would, however, bo unwise to attach *too 
much importance to this change. The difficulty of obtaining consistent 
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Table 1.—“ Silent ” Area. Encloauro at about 20'" C. 


Klectpo- 
motivo 
torcc 111 

Ouri’cnt 

in 

anipp) O'* 

! 

1 Power lu 
watt-H 

[ 

DiauitiU'r 
of the 

1 arbon 

111 mm 

t 

Current 
density in 
amperes 
per «q mm 
of ero*«- 
Beetional 
area of 
poKitive 
carbon 

Length 
of arc 
in mm 

In tn Ohio 
briUianoy 
of tho 
crater m 
( audio- 
power 
lier 

Hq mm * 

OG 0 

8*1 

i 52(; 

H 

0 Iftl 

4 8 

136 

fnt 5 

7 0 

1 452 

8 

0 139 


U1 

7J -0 

10‘8 

1 742 

! H 

0 205 

« 0 

143 

70 3 

7 3 

' 613 

' (J 

0 258 


147 

01 7 

0 0 

1 .170 

0 

0 312 

5 1 

154 

b2'0 

1 » 1 

1 rm 

8 

0 822 

0 0 

180 


’ Katli of the figures id thi« eglumn w the mean of a number of photomelnc 
ohse nations. 


Table II —“ Silent ” Arcs. Enclosure af>uve 900' C. 


Eleotro- 
motive 
foiTc m 
\oH^. 

Current 

in 

amporea 

Power ill 
watlH 

■ 

Diamelior 
of the 
pOBiUve 
carbon 
in mm 

Cui rout 
<lens[ly in 
uinp<'res 
per aq mm 
of ci'oaa- 
■iiM’tional 
area of 
pOBltlVO 

cat bon. 

Lengtli 
oi are 
in mm 

i 

Intrinsic 
brilliancy 
ot the 
crater in 
candle, 
power 
per 

sq inm > 

88*0 

11*0 

Old 

8 

0*219 


136 

67 0 

10 9 

621 

15 

0*081 

, 

142 

61 0 

8 6 

635 

8 

0 171 

' 6 *0 

1 

162 


‘ Each of the ilguroH in this column le tho mean of a number of photometric 
uh»ervtitionfl 


results is considerable, and a 3 per cent, variation is well within tho 
expenmental eiTor. 

The conclusions we have reached may bo summed up as follows:— 

1. The intrinsic brilliancy of the crater of a silent arc is about 147 
candle power per square millimetre. 

2. Even when the most favourable conditions are selected, and the* 
intensity of current and the length of the arc are maintained constant, 
it is difficult to obtain consistent results, variations of over 5 per cent, 
being by no means unfroquont. The crater of the arc does not, there¬ 
fore, possess the qualities required of a standard. 
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3. Vaiiations in the size of the carbons, in the intensity and density 
of the current, in the length of the arc, nn<l in the total power ox 
pended (as long as the arc is kept silent), will not cause the intrinsic 
brilliancy to vary more than 10 i)or cent on either side of the mean 

4. No sensible variation in the intriiiBic biilliancy, and therefore in 
the temperature of the crater, is produced by placing the carlx)ns m an 
enclosure inaintainod at over 900"* C. 

With regard to the constancy of the temperature of the cratoi, these 
results are not without importance 

Having this question in view, it was necossary to dotormine what 
were the effects of extreme variations of current density and power 

In Tables III and IV will Ixi found the results of observations taken 
when the arc was hissing * 


Table III.—“ Hissing” Arcs Enclosure at 20 C 


Electro¬ 
motive 
force in 
volts. 

Current 

in 

amperes 

Power in 
watts. 

Diamoter 
of the 
positive 
carbon 
in mm. 

Current 
density in 
11 ni pores 
per sq mm 
of cross, 
sectional 
area of tlie 
positne 
carbon. 

Length 
of arc 
in mm. 

Intrinsic 
bnllianey 
of the 
crater in 
candle- 
power 
per 

sq. mm.^ i 

70-0 

15’8 

HOC 


0*814 

4*8 

136 

42-0 

21 6 

007 

8 1 

0*410 

1-2 

143 

58-0 

26*8 

1367 

8 

0 *514 

2 9 

157 

44-0 

60 0 

2200 

_ _i 

16 

1___ 

0*283 

• • 

160 


' Each of the figured m thid column id the mean of a number of photometric 
obiervutionn. 


It will be seen that the c\irrout varied from 6 to 50 amperes, the 
current density from 0 03 to 0 51 ampere per square millimetre, and 
the power from 370 to 2S00 watts. 

The lowest photometric readings gave 119, and the highest 160 
candle power per sipiaie millimetre. 

• Tlio word “ bidding ’* is u'»ctl here as being the generally accepted term. It is 
only when the current density is «mall that it la actually descriptive of the sound 
made, as the current increadus, the pitch rises, until with a very short arc and a 
current density of nboiii 1 umpcro per square millimetre, the sound is between a 
whistle and a scream The arc then assumes a very peculiar aspect, a pointed blue 
flame, like the flame of a blow-jupe, l>eing sent out from the crater. Tiiis effect was 
most marked when the high temperature enclosure was used. With the uboie 
current density the entire carbon becomes white hot and burns away with great 
rapidity, an increase in the intrinsic bniliaucy seems also to take place Unfortu¬ 
nately, it was not found possible under these circumstances to obtain reliable photo¬ 
metric observations. 
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Table IV.—“Hissing” Arcs, Enclosure uboxe 900"^ C 


Klootro- 
motive force 
in volts 

Current in 
amperes 

power 111 
wa(.t.8. 

Diami'tcr 
of the 
posilivo 
carbon 
in Him. 

Current 
density in 
amperes per 
sq. mm of 
cross-soetionnl 

area of the 
positive 
carbon 

Intrinsic 
brilliancy of 
the crater m 
eandle*]>OMer 
per sq iiitn ^ 

79 0 

18-0 

1422 

15 

0-102 

119 

45'6 

42*0 

1915 

15 

0 *238 

121 

60*3 

18 0 1 

1122 

25 

0 088 

130 

62 *0 

650 

2860 

25 

0-112 

133 

41 0 

43 1 

1779 

25 

0-088 

137 

50 0 

89 3 

1965 

15 

0 -222 

142 

__ _ ' 

' _ 

_ 

__ 


1 


* Kaoh of the figures m this column is the mean of a numhcr of pliotometno 
observations 


If we assume that the formula * 

/-400 = ««9 6\V/» 

(/ « tempevatuio in degrees centigrade, h -= mtnnsic brilliancy in 
candle powei jier sc^uare centimetre), holds good for carbon at these 
high temperatures, the above change in candle power corresponds to a 
variation of teni])eraturo of fi-om 3866‘ to 4018" C ITie total alteia 
tion in alisolute temperature thus works out at 4 per cent. Observa¬ 
tions made on silent arcs (Tallies I and II), reduced in the same 
manner, give the extreme limits of temperature as 3935" and 4018'^ C, 
or a change of 2 per cent, in the absolute temperature. 

These variations are somewhat greater than we should meet with in 
the case of sulwtaiices boiling «it ordinary temperatures. It must, 
however, be borne m mind, that even in the case of a silent arc, the 
crater is the seat of several secondary phenomena, which under certain 
circumstances may affect the lioilmg point, t The terra boiling point 
is in itself mislead!ing, as it seems possible, if not probable, that at 
atmospheric pressure carbon does not become licpiid, but like carbon 
dioxide, passes direct from the solid to the gaseous state. It has ftc- 
quently been stated that impurities cannot affect the temperature of 
the crater, as all known bodies become gaseous at a lower temperature 
The experimental data to substantiate this are entirely wanting; silica, 
lune, alumina, magnesia, and other substances are solid at the tem- 

• * Phil. Traiis toI. 191, A, p. 6J6,1898. 

t Mm Ayrton, ** On the Hiuing of the Electric Arc,*' * Journ. of the Inat of 
Blec. Kng.,’ rol. 28, p. 401, 1899; alio Dr. JT. A. FlomiRg*ii remerke during the 
dUcuMion of Mrs. Ayrton’s paper, p. 489. 
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peraturc of melting platinum, and it is difficult to predict at what tem- 
poiaturo they volatilise. 

Taking everything into consideration, it may therefore be said that 
the present exporiinents confirm the theory that the crater of the arc 
IS at the temperature of volatilisation of carlmn 

The eailioflt determinations of the intrinsic brilliancy of the crater 
wore made in IH7H at Chatham undei the direction of the Royal 
Engineers’ Committee * The results varied from 39 to 442 candle 
power per squaio millimetre, the mean value being 110. With regard 
tf) more recent researches, Trotter gives the intrinsic bnlliancy as 64, 
Weber- aa 70, and Blondel as 158 candle power per square millimetre. 
With the exception of those of Blondel all previous results are very 
much lower than the values 1 have obtained The discrepancy may 
be atti'ibutod to the fact that instead of using ti diaphragm to select 
the rays from the centre of the crater, the first named observers 
estimated the total area of the crater, and compared it with the total 
amount of light. 


On th^ Luturner and KiuUmuu Itmmlcsfent PlaUfium SkimlanL 

In 1894 Drs O, Liimmer and F Kurlhaum proposed a new standard 
of light.t A atiij) of platinum foil 25 mm. wide, 0 015 mm. thick ia 
brought to incandescence by an electric current of alx)ut 80 amperes. 
The temperature is increased until one-tenth of the total r-rwliation is 
transmitted through a water trough 2 cm. in width. This ratio is 
detei-miiied by means of a Ixilometer. The tonstruction of the instru¬ 
ments require the greatest care, and three months had passed befoie I 
was able to obtain the first observations The instruments used for 
this work ate shown in fig. 4. The explanation appended to this 
drawing is sufficient to render further description unnecessary. 

It Avould he useless to give details of the expenments which in the 
main confirm the results already obtained by Lummer and Kurlbaum. 

With the same apparatus used in the same manner the light is prac¬ 
tically constant as long as the ratio of radiations is adjusted to 1 /lO 
per cent. 

The adjustment of the temperature of the platinum foil with the 
required degree of precision is, however, most tedious, and m fact all 
blit impossible, except under the most favourable conditions. This 
consideration, together with the complicated nature of the apparatus, 
render this light impracticable as a working standard. 

At the beginning of the present paper it has boon pointed out that a 

* B K. Comnutt^^e extracts for 1879 $ Report of the Klectric Light Sxperunents 
earned out at the School of Militory Engineering at Chatham. 

t *Berichte der Freuss. Alademie,’ ISO-t, p. 227; ' Blektrotechnuohe Zeit- 
Bchrift; 1894, p. 476. 



'la. 4—ikpparatuB used for (ho investigation on tlio Lummer uml Kuilbaum lo^Hndes- 
cent platinum standard — 

1 Incandescent lamp serving fis standard of reference 

2. Lummer and Brodhun photometer head. 

3. jEncloflure in whioli the inenndeBceiit platinum toil m placed with the 1 sq cm. 

diaphragm 

4. Screen to out oft the radiation from tlio bolometer 

6. Water-trough, with quarts sides 2 cm. apait. 

6. Bolometer with the cover romoTod to sliow tlie filiuA 

7. Bolometer oovor. 

8. Clips for holding the incandescent platinum foil; thi« plate fits on to the bock of 

the enclosure 8 

0. One of the water circulation (liaphmgiuN used to keep nnr extraneous radiation 
f^m the bolometer. 

VOU LXV. 2 N 
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fitaiiflard must be constant, reproducible, «aiid must emit light of a suit¬ 
able colour. We have just seen that the source of light under con¬ 
sideration may be regarded as fulfilling the first of these conditions ^ 
with regard to the second and third, the conclusions are less favour¬ 
able, * 

By definition, the ratio lietwcen the total radiation and that trans¬ 
mitted through the water trough must bo as ten to one, 1 per cent 
error in the electrical measurements causing 3 per cent, change in the 
light. To obtain the required degree of precision the galvanometei 
deflections must bo reduced to equivhty. Three methods are avail¬ 
able ;— 

1 The liolomoter current may l>o reduced in the r[itio of one to ten 

2. A 1/lOth shunt can ]yo introduced into the galvanometer circuit. 

.1, The distance between the bolometer and the radiator may bo 
varied m the ratio of 1 to ,^10. 

None of those methods is entirely satisfactory. The reduction of the 
current through the bolometer involves a considerable complication of 
the apparatus, and interferes with the steady working of the instni- 
merit, It is also by no means impossible that the resulting change in 
the tem])craturc of the bolometer films may change their coefficient of 
absorption. With a shimted galvanometer, temporatuio changes and 
thermo-currents arc a frequent source of error. The most reliable 
method is to change the distance of the radiator; but Lore again two 
objections arise. The enclosure containing the platinum foil is rarely 
at a temperature so closely approaching that of the bolometer films 
that shifting this largo surface leaves the instrument uuaflectod. 
The law of inverse squares cannot strictly be applied, as the rays of 
light are refracted when passing through the water trough. In prac¬ 
tice, marked variations wore obtained when the method of determining 
the ratio of the two radiations was altered. 

The use of another form of bolometer produced a considerable change 
in the light omitted. The Ixilometer films are coiited with platinum 
black by electrolysis. The composition of the bath, the electromotive 
force, and the current have been specified ; but it was found that the 
temperatuie of the bath and the resistance of the film afiected the 
nature of the deposit obtained 

* Finally, the spectral composition of the light is unsatisfactory, the 
colour lieing much too red. 

Wo are thus driven to the conclusion that this light does not 
possess all the qualities required of a primary standard. Under 
certain circumstances it may be of the greatest value as a standard of 
reference. It is used in the Beichsanstalt to check the values of the 
Hefner lamps; for purposes of this kind it is well suito<I, and might 
with advantage Ixj more frequently used. 
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Prelimimr^j Research m Molten Rlahtmm Sknufaul of Lufjht. 

Tho nso of molten platinum as a standard of light w.is first proposed 
by J. Violle** at the Congrrs International des Klectncicns on tho 21st 
of September, 1881.t In 1884 Violle published an .iccount of his 
experiments with tho now standard? which was adopted m the same 
year by the Conference Tiirernatiorialo pour Irt Dcternimation dcs 
Unites Klootriques on the 2nd of May, 1881 J The adoption was con¬ 
firmed by the Congrt'^s Intornational des Eloctneions on the 21st of 
May, 1889, when it was specified th«it tho practical unit should bo the 
Imttjte d(h'unalf% and by the International Congiess in Chicago in 1893, 
and tho Congres Intoniationul des KloctncieiiH at (loneva in 189G, 
when theu.se of the Hefner lamp as a piactical staml.iid was reconi- 
mende<l. 

Since the adoption of this unit the aim of most of tlie <^\peiimental 
work on tho subject has liccn not so much to find a siutaiile method ot 
using tho Viollo standard as to obtain a substitute fof it These 
efforts have resulted in the well-known instiunient devisisd by W Sie- 
mcns§ for fusing platinum foil, and in the proposal made liy C K. 
CrosflII to use as a practical standaid the light emitter I by a thin 
platinum wire at its melting point 

Physiological considerations render sutli a thing as an in^tiiitanoous 
photometric reading an impoftsibihty, and heiein lies the principal 
icason why tho above proposals have had to lie tilumlonod Apart 
from this fact, it is extremely cloiibtful if either in the tase of fine wire 
or thill foil the break occuis actually at tho temperature of fusion ol 
the metal.If Cross admits that theio w^cre eonsidciabh* <l]frereiice8 in 
the quantity of light emitted pei unit area when the diameter of the 
wire was changed In connection wnth tho present work a number of 
exponments were tried, Iwth with wiio and foil, hut the Ie'^ult^ were by 
no moans encouraging. 

* For Viollo’s researches wee * Comptea EenJuM,* vol H8, p 171, 1K79, vol. 85, 
p. 643, 1879, vol 92, p. 866, 1881; ‘Lumi^re Electrique,’ \ol. 14, p. 476, 1884, 

* Annales de Chume et do Physique/ s^r. 6, vol. 3, p. 373, 1884. 

t * Coinptes IlemluH du Cougr^s Intornafcioual tlcn E!o( tricicug/ Parm, 1881 
Assemblfie g^norale, Troisi^me S^auce, p 60 Seo aluo ‘Pi-ocfes-Verbaux do la 
Conference Internationale pour la Determination des Unites Klectriqucs/ Troi- 
si^nie Commission, Stance du 20 Octobre, 1882, ]> 131 

{ * Conference Internationale pour la Determination des Unites Sleoiriques/ 
Douxi^me Session, Troui^rao Stance, Mai 2, 1884, pp 23, 116. “L'uniwS do 
chaquo lumiiiro simple ost lu quantity do llllnl^re de memo espi^te oiniso en direc¬ 
tion nonnale par un centimetre cair^ do surface de platire fondu, & la temperature 
de solid!flcation. L'unit^ pratique do luini^re blanclio est la quantity totaio do 
liuni^re ^miso normaloment pur la mdmo Hource.*' 

§ ' Elektrotecbmsche Zeitschrift,’ vol, 5, p 244,1881. 

II * Sleotrioian,' vol. 17, p. 614,1886. 

^ Seo ‘ British Association Fourth Report of the Standards of Light Committee,* 
App. II, 1888, p. 47. 
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As far as I am aware only one research has been carried out with a 
view of rojMsating the Viollo standard on anything like the scale 
oiiginally used. Thin research was made at the Eeichsanstalt* in 
Berlin The woik pioved unsuccessful, and a detailed account of the 
experiments has nevoi' been published This renders it very difficult 
to suggest a reason why reliable results were not obtained. 

In the (‘.use of molten platinum, owing to the high rate at w'hich heat 
is ))oing dissipated, it is (|Uito possible for one part of the mass to be 
liquid while another part only a few millimetres distant is considerably 
IkjIow the tempm'.iture of solidification. This source of eiror should be 
minimisofl by the choice of suitable experimental conditions, and by 
1 educing the results by some method similar to the one given l»olow 
Again, all the magnesia oi lime bricks T have iKjen able to secure con- 
ttiM a ceiUin pioportion of silicii. This, jw will 1)0 pointed out later, 
IS hiifticient to render them useless for the purpo.se in view. In the 
account of the IteichstiUbUlt experiments this difficulty is not men¬ 
tioned 

In common with all other pure substances, platinum has a constant 
fiec/ing point, the length of time, however, during which the con¬ 
stancy of teiniieiatun^ will 1)0 maintained, depends mainly on three 
factors 

ft we take 1) to represent the quantity of heat ihssipateJ by the 
platinum pei unit time ivhcn at its temperature of solidification, II the 
heat supplied to the metal pel unit time, and L the total latent heat of 
the mass, ami supposing for the present that the thermal conductivity 
is veiy groat, the time dm mg which the temperature will remain con¬ 
stant will be— 


For the object wc have in view the tune ot constoncy must be made 
as great as possilile 

One mothoil of increasing the time t is to make H very neaily equal 
to D, or, in other woids, to supply heat to the molten metal at nearly 
the same rate as the metal is losing it. We may supply the necessary 
quantity of heat H by means of an electnc current, or, using a large 
.surface of metjil, vro may keep the blow-pipo going on one part of the 
surface while the observations are lieing made on some other portion 
If wo akindoii the idea of supplying heat during the time the oliser- 
V atioiis are being taken, the formula becomes— 



* * Tliiitigskeittibenolito der RcioliRanstalt,’ 1800 and 1802—1804, or * Zeit- 
sohrift fur Inatrumentenkunde,' rol. 11, p. 149, 1801, and Tol. 14, p. 266, 1804. 
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In order to reduce the amount of heat dissipated we must place the 
platinum in an encloaure at nearly the same tCTiijMjrature as the metal 
itself, take the observations through a relatively small opening, and 
make the thermal insulation of the mass as pcifoct as possible In the 
above formula*, L being a fimction of the volume and 1) a function of 
the surface, wo may, for any given cii ciunstaiiccs, inciease the time t 
by increasing thu total volume of the metal 

But It now becomes necessary to take into account the ihernitil con¬ 
ductivity of the metal. Strictly speaking, any given portion of the 
surface can only lie at the standard tempeiature foi the very small 
fraction of a second during which the solid film is foiming, later <m 
the surface is at some lower tempeniture (/*-«) whcic n is the 
temperature interval which is loquired to cause the heat to flow fmm 
the parts of the mass wheie tlie process of solidifiedition is actually iti 
progress to the surface at the same rate as it is there being dissip.iteil. 
Thus by increasing the m.'iss of the metal wo cannot indefinitely in- 
creaso the time available for the photometiic observ^itions lliilcss 
the rate at which the heat is being dissipated at the surface undcj* 
observation is made small, the tcmpci‘atiu*e will not remain const«int 
during the process of soluUfication, but will fall moie .ind more r.ipidly 
as a larger proportion of the mass becomes solid. 


Oil the Fusion of Plaimum hi/ nu Flectnr iUnh nf. 

Fiom the considerations that have just Ikjcii enumerated, the twb 
vantages of an electric method of hcatnig the metal arc at once 
apparent. 

In the preliminary exjieiinients a number of diflcient forms of 
electric furnace wore tried In some cases the electric arc w<is ufte<l, 
in others the crucible was surrounded with a layer of graplute through 
which the heating current was pissed. It is well kn<nvn that at high 
temperatures platinum combines with carbmi foiTuing a carbide, .ind 
thus the use of graphite crucibles was out of the quc'stion 

It is unnecessary to give further details as the experiments wore 
not successful. No material could l>o found that would resist the 
high temperature of the arc and the chemical action of theincandcbcent 
carbon, and at the same time not affect the puiity of the platinum. 

It was then decided to fuse the platinum by pussing the cm rent 
directly through the metal itself. The appiratiis shown in fig. 5 was 
designed for this purpose. Some forty large secondary cells were, by 
aid of the mercury switch, connected in piiallel on to two “ 'bus-bars.” 
The current was carried by massive copper leads to the terminal Tj, 
and from there by a one square inch bar to the clip Cj passing through 
the platinum bar A to the clip C,. K is a U-shaped mercury trough 
serving as a variable resistance. TTio copper short^ircniiing piece D 
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could 1)0 slid ulong the U so as to increase or (bmiuish the effective 
length of the mercury. The clips Ci and Cj were hollow and kept 
cool by a water circulation. A rapid flow of water was also maintained 
over the surface of the mercury. The electric circuit was completed 
through the mercury switch »S and an amperemeter. 


Fio 5 —Appuratiis for the fusion of platinum bars by an electric current. 
A, platinum bai , 0,, C,., copper cbps in which the platmiini held» L, luno 
trough which supporta tlio tused mctul; R, mercury tixiugh serving as a 
▼unable rcsistauco j T), copper Hhort-circuiting piece, S, mercury awikh, 
T|, Tj, masBiic copper loads to the battery termiimln , I and O, water inlet and 
outlet 



With tluh .inangement currents up to 2000 amperes could be 
maintiiinod foi several hours. The platinum was supported by a 
trough, L, of some refractory material which was carefully cut to fit the 
metal biir. From the first it was evident that the principal difficulty 
would be to find a suitable material for this support. The weight of 
the molten metal acting on the supporting material gradually causes 
the shape of the trough to alter, hikI in a comparatively short time the 
cross-section of the metal becomes \ery irregular. The platinum then 
superheats in the place whore the cross-sectional area has 1>oen most 
reduced, a &p;irk occurs, and the molten metal thrown aside by the 
explosive force of the discharge, freezes lieforc it has time to flow back 
into position. It is of course easy to ro-weld the platinum, but the 
same difficulty vnll recur time after time and at more frequent inter¬ 
vals as the shape of the trough becomes more and more distorted. 
Some twenty liars of different shapes and sizes were used with the 
same result. Had it lieen possible to use larger bars, any small 
distortion of the trough would* probably not have affected the 
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oxperimentg. However, as alrejuly stated, 2000 amperes was the 
maximum current available, and with this current it was found 
impossible to melt bars of much more thiiii 70 stj mni m cross- 
section. 

The length of the span liotween the edges of the clips was usually 
70 mra., but in some cases this length w'as rofluccd to 40 nnn 

Lime, alumina and magnesia were the nuitcnals used toi the 
troughs 

It became evident that small platinum bars could not be mainuiuiod 
for any length of time in the molten state when supported on the 
ordinary refractory materials, ami it \v\is decided to make use of metal 
supports. 

The question of cost excluded the use of the metals of the platinum 
group, and in default of a iKJtter material the trough uas made of 
nickel. A numlxjr of nickel plates insulated from each other by mica 
were bolted togethei so as to form a solid block. In tins block a 
cylindrical groove was cut, its axis being jicrpendicular to the diicction 
of the laminations. The nickel plates wore 1 8 mm in thickness, 
every alternate plate projecting 5 mm on the sides and 6 inm below. 
Through the channels thus formed a rapid circulation of water mms 
maintaino<l. The platinum bar was semi-circular m cross-section and 
deeply grooved on the lower side where it came in contact with the 
nickel The shivjio was mucli the same as would bo obtained by cut 
ting an ordinary bolt in two along its axis, the edges of the V-shaped 
thread bearing on the nickel. In this manner the somewhat anomal¬ 
ous experiment of fusing platinum m a nickel crucible was successfully 
carried out. Needless to say that the anomaly is only apparent, the 
molten platinum did not come in contact with the nickel, but was 
supported in a shell of solid platinum. The cooling was so eflicacums 
that the niekel crucible never once became red hot. When the metal 
IS fused in this manner the qiwntity of heat lost is \ciy considerable, 
and the effective cross-section of the bars had to bo greatly reduced 
The cross-sectional area, us measured from the liottom of the grooves, 
did not exceed 30 sq. mm. At the surface of the bar the central 
channel of molten metal was not more than 2 mm in width. If the 
current were forced so as to melt a larger siu'face, the bottom of the 
threads softened sufficiently to allow the fuswl platinum to run 
through, thus causing the bur to break. 

Even when this occurred the platinum was found to freeze rapidly 
enough to prevent it alloying with the nickel support 

If the above experiments were made on a larger scale some valuable 
results would certainly lie obtained. By the use of a largo welding 
transformer there should bo no difficulty in fusing bars of ten or 
twenty times the cross-section of those used in the present instance. 
As will be seen below, good rosult^can bo obtained when the ordinary 
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oxy-hydrogen flame is used to fuse the platinum, but, taking every¬ 
thing into account, the electrical method, if earned out on a suflicient 
scale, would not only Ik) more simple, but would afford 'a more ready 
means of varying the rate of cooling 


0^1 the of Plahnnm hj the Ox'tf-hjdrogcn BUm^vpt^ 

The object of the following researches was to repeat the work done 
some yeiirs Mgo by Viollo, and to determine what are the liest 
experimental conditions It is a somewhat cm ions fact that, although 
Viollo makes no mention of having encountered any special difficulties, 
his oxpcrimoiitH have nevei heen repeated with success. Even under 
the best conditions (such as aie ohtainahle, for instance, at the 
Rcichsiinstiilt) the results have not proved satisfactory. Under these 
circumstances, it seemed hardly advisable to attempt any further 
lesearch in this direction. Put the thcoiHitical 4ulvantagcs of the 
Viollo standard appeal strongly to «myono who has studied the 
standards of light now lu practical use, and it was thought that, 
whatever the final result, the time syieiit in this study would not 
bo lost 

'fhe preliminary cxpcnmeiita occupied some consideralde time, and 
nearly six months pissed before the conditions under which the fusion 
should take place were cleaily cstfiblishcd. The platinum was fused 
several hundred times, the conditions being varied in every conceivable 
way. The shape of the fuinaee, the material of which it was marie, 
the form of the hlow-pipe, the relative proportion of the gases, in fact, 
everything that could have any boanng on the final result was in turn 
htutlied, and the most fa\oiiiahle conditions determined. The slightest 
impurity on the surface of the platinum has a considerable effect on the 
<quantity of light emitted. When cold the surface always appears 
fairly bright and clean, but there is a temperature between a white and 
red heat at which the smallest impurity is clearly visible. At this 
temperature the platinum ingot, if it bo quite pure, is very similar to 
a pool of molten glass. Any small impurity will cause a slight haze, 
resembling that produced on a miiror by a breath of moist aii*; if the 
impurities are present in a larger proportion the surface becomes very 
similar to a sheet of ground glass. 

The necessary conditions to ensure a pure surface may be briefly 
summed up as follows:— 

1. The platinum must be chemically pure. 

2. The crucible must be made of pure lime. 

Pure magnesia does not form a sufficiently coherent moss, and, alu¬ 
mina being light and flocculent, allows the metal to sink through it. 

The lime should be entirely free from silica, one-quarter per cent, 
being sufficient to spoil the surface.® 
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The boat method of preparing the lime is to ignite calcium carbonate 
which has been precipitated from calcium nitrate by ammonium 
carbonate.* 

3. The hydrogen burned must corit.un no hydrocaibons 

At these high temperatures platinum combines readily ivith cailwui, 
and any carbon in the flame would rapidly tarnish the surface of the 
metal. 

4. The gases should lo burnt in the ratio of foui volumes ol 
hydrogen to three of oxygen 

All the boat results were ohtainerl when iisjng the gases in the ahovc- 
montioned proportion. The temperature of the flame is then but 
little above the molting point of platinum, and the metal does not 
superheat to any great extent. When the platinum is considerably 
superheated it slowly distils, the drops condensing on the laick forming 
the cover of the furnace , the metal then drips back into the crucible 
carrying with it some of the silica whirh the buck contiiins, and thus 
contaminating the surface winch is under observation An excess of 
oxygen in the flame is also favourable, iiuismuch as it om discs any 
impurity that the platinum may contain. 

Finally it is import^mt that the blow pipe should be so constructed as 
to ensure a thorough mixture of the two gases. 

The most favourable conditions being established by these prelimi¬ 
nary experiments, the necessary apparatus had now to }jq designed. It 
may l»e thought that the mstnnnents are unuecessaiily complicated, 
but it must be lioriio in mind that a single expenmenter had not only 
to make all the ol^servations, but also to regulate the flow of the g.ises, 
the electromotive force on the terminals of the sUindard lamp, aiul the 
current of water passing through the tliaphragms. Most of the appa¬ 
ratus hod, therefore, to be m.ade automatic in its action 

The instruments serving to legiilate the supply of gas are shown 
in fig. 6. The gas supply is stored iii large cylinders at a pressure 
of from 100 to 200 atmospheres S is a tie vice worked by an 
electric current from a key placed under the photometer head. When 
the key is pressed the chopper 0 falls, compros«iig the india-rubber 
tubes and cutting off the gas from the blow-pipe. (This device is shown 
in elevation at the bottom of fig. 6, on the left-hand side.) The 
hydrogen escapes through a valve to the burner B where it is ignited, i 
the oxygen blows off through the water trap T When the chopper 
0 is up the gases, after passing through the meters provided with 
scales reading to ono-hundredth of a cubic foot are burnt from the 
blow-pipo P. 

On one of the circuits the gas is forced through a diaphragm with 
an opening of about ono-hundredth of the normal cross-section of the 

* Thig mgthod was guggostmi bj J>r, A.^vott, to whose kind advioe the solution 
of many of the chemical problem! involved m the present work is due. 
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rubber tubes The gauge R indicates the difforciu e of pressure betwoori 
the two sides of this diaphragm. By the aid of this gauge R the rate 
of flow of the gas can bo kept coiiaUiit at any desired value. The 
gauge G serves to regulate the ratio of the two gasas Two bells 
float m mercury, the interior of one being placc<l in commumcfition 
with the oxygen inlot of the blow-pipe, the interior of the other with 
the hydrogen mlot The app<aratU3 is merely a h'danco, the two 
quantities weighed being the pressures of the two g«ises The point of 
support IS empiiicall}" adjusted so that the system is in cquililiriiuu 
when the gases arc flowing in the desired i.itio, viz , four volumes of 
hydrogen to three of oxygen 

The instiumoiit is very easy to construct, arul its accuracy is amply 
sutticieut for tho xiurpose lu view. 


Flo 7 —(Seale J full size ) 



The hloH'-inifc is of a somewhat peculiar shape and is shown in fig 7 
About half the oxygen passes through the central noz/le N, which is 
surrounded by a platinum nozzle P The supply of hydrogen is led 
ill at C, and flows down lietwoen these two tubes. The entire arrange¬ 
ment 18 surrounded by a guii-metal case, wdiich is cooled by the watei' 
circulation W. Half tho oxygen flovs down between the gun-metal 
and platinum tubes, entirely surroimding the hydrogen where it issuas 
from the platinum nozzle, thus insuring its peifoct combustion 

llie Furmce (F, fig. 6)—Tho outer shell consists of an ordinary 
Fletcher furnace, 23 cm. in oxterutd diametci. Tho interior is filled 


up to within 7 cm. of tho top with sand, on which rests one of the 
ordinary magnesia bricks used for smelting platinum. Their chemical 


composition is— 


Magnesia 
Lime . 

Silica. 

Iron and alumina . 
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These bricks are eminently suitable to resist high temperatures! 
Owing to the presence of silica they could not bo used alone for the 
purpose wo have in view, hut they are very valuable as an outer 
cnicible in which to place the pure lime on which the platinum rests. 
In a brick,11x11x7 cm. a cylinder of 7 cm. in diameter and 3 cm. in 
depth is drilled out, the hollow is filled up with chemically pure lime 
in the form of powder, which is pressed tightly in. The platinum, 
roughly hammered into shape, is forced into the bed thus prepared 
until the lime is flush with the upper suiface of the metal. Before the 
tempei'aturo has reached the melting ])oiiit of platinum the lime has 
formed itself into a sufticic'iitly coherent mfisa to support the weight 
of the metal. Another brick 11 x 11 x4 cm. forms the cover; it is 
held in a cast-iron frame by six ]-mch screws equally spaced along 
two adjacent sides of the square. A hole 1*6 cm. in diameter is 
drilled through the centre of this covei. It is through this hole 
that the blow-pipe plays vertically on the surface of the metid. 
The lower surface of the cover should bo not more than 1 cm. above 
the platinum. Both blow-pipe and diaphragm aie attached to the 
same vertical axis A; the electromagnet M, which controls the motion 
of this axis, IS placed in scries with the magnet N, which cuts 
off the supply of gas to the blow-pipo. The instant the gas is 
stopped the axis swings round, bringing the 1 square centimetre dia¬ 
phragm 1) above the hole in the cover of the furnace. A number ot 
screens arc provided so as to prevent any light from the furnace itself 
reaching the photometer. Those screens havoi been reraove<l in fig. 0 
so as to give a lietter view of the funuwje. 

The light from the plaUimm is reflected on to the photometer by a 
mirror. The secondary standard is not placed m the axis of the 
photometer, but at right angles to it, its light being also reflected by a 
mirror. ICach mirror is supported by a bar, which is held m a 
socket jirovided with a V-shaped check, so that when one of the 
mirrors is taken out of its supporting socket it c.in always bo replaced 
in tbo same position ; the fittings aie made niterchangoiiblo. Thus by 
interchanging the two mirrors any error duo to their coefficient of 
absorption can bo eliminated. 

A metronome ringing every ten seconds gives the intervals at 
which the photometric observations are to be made To save time 
the readings are not taken, but the position of the index on the 
photometer bar is marked off. The distances are read at leisure 
later on. 

The method by which the observations aie obUtined is as follows 
Let us suppose that the platinum is in position, the standard of refer¬ 
ence adjusted, the metronome started, the “ rate ” and ** ratio ” gauges 
calibrated, and that we arc ready to start the blow-pipe. We turn on 
the gas and increase the supply until the gauge shows that the hydro- 
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gou is burning at the rate of 0 8 cubic foot per minute, we then regu¬ 
late the supply of gas so as to keep the ratio gauge in balance. At the 
end of fifteen minutes we press the key which stops the gas and swings 
the diaphragm into position. No photometric readingh arc taken at 
the end of this first fusion for two reasons 1. The walls.of tho fur¬ 
nace have not yet had time to heat up, and the platinum, though 
fused on the 8iu?face, is probably still solid undeineath 2 Koine par¬ 
ticles of lime dust are pretty sure to be floating on the surface if the 
ingot of metal has only just been put into a newly made crucible. We 
therefore merely use this fusion to juljust the position of the furnace 
and cover, so that the centre of the platinum suifticc and the centre of 
the aperture in tho covei bhouhl be on a \oituMl line passing through 
the centre of tho diaphragm 

This (lone, we re-start tho blow-pipe, and fiiteen minutes latei, as the 
metronome rings, wo press the electric key, keeping an eye on tho 
photometer. Tho photometer is kept in lialaiico,aiid cveiy ten seconds, 
as the metronome lings, the position of tho photometer head is m.irkoil 
off By the time some ton or fifteen readiiigs have licen recorded tho 
platinum has cooled below its melting point The distances are then 
read off at leisure, the blow-pipe Is swung back into position, tho 
chopper re-set, the mirrors aio iiitorchangod, and everything is ready 
for a fresh start. Fifteen minutes latci another scries of readings can 
he taken 

A Liunmor and Brodhuri photometci* and photometer bench were 
used diuing these exporimonts, the distance lictween tho lights being 
331*4 cm. The position of both the sources r>f light vas fixed, the 
photometer head alone being movable. To ensure the maximum sou- 
bitivcncss it 18 well to keep one eye exclusively foi tho photometric 
olmorvations, covering it when the reaibngs are not being taken with 
a iilack screen In all the experiments incandoscont lamps were used 
as standards of refoience. When the necessary precautions are taken 
these form very reliable standards, remaining absolutely constant for 
many hours.t The pressure on tho terminals of these lamps must be 
adjusted with the greatest euro, as tho light vanes with the sixth 
power of tho electromotive force In tho present case fifty-volt lamps 
wore used, a specially constructed dnuled resistance lieing placed 
across tho terminals of tho lamp By means of a potentiometer the 
electromotive force on l/20th of this I’esistanco was compared with 
tho electromotive force of a ClarkV coll. To avoid any rapid changes 

* Tho photometer head ami part of the i>hoto«iotor bench are shown in flg 4 
To avoid any stray light, the photometer was hung with block velvet curtains. 
These have been drawn aside in flg. 4. For a full description of this instrument 
see ‘Zcitschrift fur Instrumeiitenkunde/ ii. 41, 1892, and ‘ J. fur GasbeleuoUtung 
und Wasaerversorgung/ Tol 37, p. Cl, 1804. 

f * Zeitsohrift fhr Instrumcntenkunde/ vol. 10, p 110, 1890 
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of temperature the cell was placed in the inner chamber of a calori¬ 
meter. Under those circumstances the pressure on the terminals of 
the lamp could l)e kept constant during many hours to within one 
hundredth of a per cent. 


Talilo V. (See fig 8.)—Normal Conditions, 

Intensity of the Light from 1 sip cm. of Platinum at the Temperature 
of Midificatiou as deduced from the observations given below 
IS 1 *002 (the ei ror of this determination is therefore 0’002). 


Time 

Photometer | 
reading. 

Light. 

10 

118 -3 

2*236 

20 

133 8 1 

1*503 

30 

143 >0 1 

1 196 

40 

154-3 

0*908 

60 

164*5 

0 603 

00 

171 S , 

0 623 

70 

174 4 i 

• 0*559 

HO ' 

150 0 1 

1*008 

00 

160 3 

1*001 

100 

160 6 

0*993 

no , 

150 7 

0 901 

120 

160 H 1 

0 088 

130 ' 

150*0 

0*980 

140 1 

151-0 

0*984 

150 

164*8 1 

0*897 

100 1 

1C3 8 

0*722 


Having in the manner iiubcated alx)vo obtained a set of photometric 
readings at intervals of ten seconds from the time the blow-pipe was 
stopped, lot us consider what is the best manner of reducing these 
observations. The typical shape of the curve obtained is shown in 
fig. 8 (see Table V), the abscissae represent time, the ordinates light. 
I’hc cuive consists of throe parts, the first falling rapidly represents 
the decrease of light sent out from the liquid metal as its temperature 
falls. There is a sudden break in the cm ve when the platinum begins 
to solidify, followed by a practically straight hue. This second period 
(forty to fifty seconds iii the conditions under which these experiments 
were miwle) marks the time during which the platinum ingot is freez¬ 
ing. For the sake of brevity we shidl in future refer to this pirt of 
the curve as the “ constant '* period, though strictly speaking, owing 
to the imperfect conduction of the metal, the intensity of the light 
decreases slightly as the time increases. The third part of the curve 
represents the cooling of the surface after the entire mass is solid. The 
want of sharpness in the transition between the second and third parts 
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Fia. 8 —Normal ” oonditi<m« total mm of platinum, 345 grammes. euporfloial area, 17 nq 
cm.; diameter of aperture in the cover of the furnace, 16 cm., intensity of the liglit at 
the temperature of solidification, 1-002 (the error of this determination is therefore 0 002). 



is due to the fact that the heat lost at the Mxrface is at iirst supplied 
by conduction from the lower layers still sulistantially at tho teni- 
jierature of solidification, and it is not until tho corresponding tem¬ 
perature gradient is established throughout the entire mass that the 
normal rate of cooling is shown by tho light given off from tho 
surface. 

Curves similar to tho above, but rcfenirig to tho c.iso of molten 
silver, were shown by Violle in 1881.* 

A second form of curve is possible (see figs. 9 and 11) This shaiio 
is obtained when the motid has l«jen heated very slightly above its 

* ‘ Aunales do Ohimio et do Phyiique/ sor. 6, vol 3, p. 373, 18s4, alao Conffir* 
once Intematlonalo pour la Determination des Umt4s Slrctriques, o^anoo do la 
Troiii^me Commistion, 3 Avril, 1884. There is, however, one essential differenoo 
between tho present results and those obtained by Violle. In the case both of 
Sliver and platinum Violle indicates the " fiasli ” as occurring not before but after 
the constant period. 
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Table Vf. (Seo%9.) 

Superficial area of Platiiinm Ingot 30 aq. cm; 

Intensity of the Light from 1 sii. cm. of Platinum at the Temperature 
of Solidification - 1*012. 


Time.* 

Photometer 

rcaduig.^ 

Light ■* 

10 

145 -7 

1 119 

20 

148 2 

1054 

80 

160-1 

1-005 

40 

149 8 1 

1 013 

50 

160 1 

1 006 

00 

150 -3 ! 

1 001 

70 

151 -6 

0*972 

80 

151 -7 1 

0*967 

90 

163-3 

0 *730 

100 

178 -8 

1 0*502 


* Tlie t4ino IS oouuti^ from tUo instant at whieli tlie blow.pipe was stoppod. 

^ TUo pliotometor reading is tUo distaneo m conlmiotros between the photometer 
Ucarl and thr incaudcHCont lamp which serrod as a standard of reference 
^ The unit of light is the mean of a number of determinations made under the 
“ normal ” conditions. 

Fio 9 “--Superficial area of platinum ingot, 30 sq cm (or 70 per cent, above the 
normal) , intensity of the light at the temperature of solidification, 1*012 (or 
0 012 above Iho nonual) 



molting point, In this case there is no flash up of the light, the three 
parts of the curve being continuous. The photometric readings, re- 
ducfxl HS shown below, vary but little from those obtained when the 
curves are discontinuous, but for several reasons the results are likely 
to be loss consistent than when the conditions are so regulated as to 
obtain the “ flash *' shown in fig. S 
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Tho definition of the standard quantity of light is that emitted in n 
normal direction by 1 square centimetre of surface of platinum at its 
temperature of solidification 

It has already l>een pointed out 

1. That It is practically impossible to obtain an instantiuoous 
photometnc oliservation 

2. That each part of the surface is, strictly speaking, only at tho 
standard tomporaturo for the small tmie-intorval during winch the 
solid film la actually forming 

3. That owing to tho difficulties inherent to all photometnc obRcrva- 
tions, each determination should rest on a numlier of separate 
readings 

The most obvious method would bo to take tho mean of tho rejidings 
obtainwl during tho “ constant period,” but in doing so we should 
certainly be wrong, as these readings form a decreasing senes, tho first 
one only lioing theoretically correct. Tho i ate of decrease of tho romhngs 
vanes with the mass of motiil used, and the circumstances under which 
It is allowed to cool, and were wo to Uke tho mean of the readings, 
the final determination would necossanly bo dependent on these oxjHsri- 
montal conditions The first leading, though theoretically the most 
correct, is practically tho least reliable of tho senes This roarhiig 
immediately follows a sudden and considerable change in the illumina¬ 
tion of the photometer, and tho eye has not yet ha<l time to become 
accustomed to the change It is therefore out of the question to base 
our determinations on this first roa<ling 

All things ponsidorod, it is l>ost to establish the value of the mten¬ 
sity of the light emitted by tho platinum at the instant of solidification 
by a graphical oxterpolation 

The shaiie of the curve during tho period of bohdification is, prac¬ 
tically, a straight line. The various observations dunng this ponod 
differ hut little in absolute value, and can easily be plotted to a very 
largo scale It we draw a straight line through these points the 
height of this lino above the axis at the time at which the “ flash ” 
occiUTod will give us tho quantity of light emitted at the tomperaturo 
of solidification The values of the observations themselves determine 
within ten seconds the time at which the “ flash " occurre<I, and for a 
first approximation this is sufficient. 

The aliove method of ieducing tho results is illustrated in tig. 10 
After a set of t)bservations has been taken, aiul while tho platinum is 
still white-hot, the surface visible through the diaphragm should bo 
inspected Should any sxHicks of lime dust or other impunty be appa¬ 
rent, the observations should bo rejected. 

It 18 advisable to make it a nile to discard any set of readings 
where: 

1. Tho “ constant period ” extends over less than thirty seconds. 

VOL. LXV. 2 O 
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Kio 10 (spfl Table V, fig. 8, and p. 495) —Illustrating the graphical mellwAused 
in reducing the observations. 



2. Tho moan rate ot chan>;e nf the iiitonmtv of the light during tho 
.so-rallod “ consUnt period ” oxcoedH 0 03 per rent, per setond 

In the eouise of the present iinestigation, observations were taken 
for some throe handled cuivos, hut tor oluious reasons only a few of 
the most typical are recorded liore 

It must be clearly understood that the picseiit oxpenmeiitB wore not 
imdei taken with a view of obtaining any alisolute determinations, tmt 
purely as a preliminary investigation. The objects in view were 

1, To ascertain the most favourable expenmenUd conditions. 

2. To determine the degree of accuracy to be obt;uned under those 
ionditions 

The results are expressed in terms of tho quantity of light omitted 
by 1 sq. cm. of platinum at its temperature of solidification, and under 
tho following conditions .— 

The total mass used was 345 grammes in the shape of a disc. Tho 
urea of the upper surface of the disc was 17 sq cm. The diameter of tho 
hole in the cover of the furnace was 1 *6 cm. The observations were taken 
after the blow-pipe had been alight for fifteen minutes, burning 0*8 cubic 
foot of hydrogen per minute, the two gases being mixed in the ratio of 
four volumes of hydrogen to three of oxygen. The above conditions 
will, for the purpose of this investigation, be taken as the normal 
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(‘onditionH ” (nee ThIiIu VS ctiirl hg. 8). It must, however, Iks borne in 
mitul, that for the final ex{)enttients it would 1>e advisable to increjis* 
the mass of metal to 1000 or 2000 grammes, and this would enUil a 
change in the quantity of gas burnt * 

This said, let ns proceed to determine to what extent the intensity of 
the light is dopouderit on the expenmental conditions 

Chunijv in llw nfutpe oj flif pUituium imjot —By changing the shajie f»f 
the ingot wo shall modify not only its rate of cooling, Init also the 
maximum temperature it will roach undei the normalsupply of 
gas. If we flatten out the disc Iwjyond a certain limit, only the central 
portion of the platinum will actually fuse. On the other hand, if we 
make the supeificial aica too small, foiming the metal into a long 
cylinder, a limit will be reached when the fusion will cease to extend 
to the lower layers In the present case 35 sq. cm. and 8 sq. cm. are 


Table VII (See fig. 11 ) 

Smierficial area of Platinum Ingot 10 sq. cm. 

Intensity of the Light fioni 1 sq cm. of Platinum at the Temperature 
of Solidification ~ 1 004. 


Time» 

Photometer 
reading ^ 

Light.’ 

10 

141*8 

1*282 

20 

144 8 

1*144 


148 *8 

1*038 

40 

148*8 



140*6 

1 018 ! 

60 

150 a 


70 

150 0 

1 008 


160 •! 



160 2 


100 

160 *2 


ilu 

161 *6 

0*972 i 


162*8 


130 

164*0 

0 *916 


164*2 



104 8 


160 

178 *3 

0*573 j 

. 1 


' The time is counlud trom tho instant at winch tlio blow-pipo was stopped. 

^ The photometer reiidiug is tho distanco m eoiitinietres between the photometer 
hind and tho inoandcwent lamp which served as a standard ot reterence. 

* The unit of light is tho moan ot a number ot determinations made under tho 
“ normal ” oonditions 


• It would also be advisable in tuture experiments to shapo the platinum ingot 
into a lialf sphere, as this shape would be preferable with regard to the constancy 
of the obserrut ions during the tune tho metal is froeaing. 
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Fio ll.~"8u|)erficial aroB ol tlie platinum ingot, 10 8q cm. (or 41 per cout below the normal) , 
iniotisity of the liglit at the temperature of solidifioation, 1*004 (or 0 004 above the normal) 



Time in Seconds, 


tho hmititig values. A numl»ci of <loteimmations weio made with a 
huperficial area of 30 and 10 sq. cm The deUiils of two of the 
determinations are given in Tables VI and VII, the form of the 
curves IS shown in ligs 9 and 11 

The maximum temperature i cached by the meUil was not sufficient 
to cause the sharp break in the curve of light, but notwithstanding 
this fact, the values obtained differ less than per cent, from the 
“ normal ” value We are therefore justified in concluding that the 
intensity of the light is independent of the shape of the mass, so 
long as the entire mass is raised above its melting point 

rarmiiun of ti^ nutsh oj meUd uaed — The effect of increasing the 
quantity of platinum from 345 to 510 grammes is shown in Table 
VITI and fig 12 In this case the change produced in the light 
works out at 0 4 pel cent. It is not possible to decrease the mass of 
metal much below 346 giammos, as the “ constant periwi" becomes too 
short lor reliable readings to be obtained For 90 grammes, for instance 
(see fig. 13), the “constant period” has altogether disappeared, or, 
strictly speaking, it is only represented by a slight inflection in the 
curve. The expenmeuts are, however, sufficient to show that though 
the mass of the ingot has a considerable effect on the degree of 
accuracy obtainable, it does not affect the quantity of light emitted at 
the temperature of solidification. 

Va/Hatiim in the s/wyjc of the cnc/w.«rc —From the laws of thermal 
radiation we are led to expect that the shape and temperature of the 
enclosure will have a considerable influence on the quantity of light 
emitted by such a body as platinum. Any change in size of the 
aperture in the cover of the furnace will greatly modify the rate of 
cooling of the metal, and from this cause also might affect the photo- 
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l\ibleVIII (See fig 12) 

Mass of Platinum Ingot 510 giammes. 

Intensity of the Light from 1 cni of Phitinuin at the Teniiieraturo 
of fSoluhncMtioji — 1 004 


Tune.’ 

Fhotmneter 
reading ■ 

Liphl * 

JO 

143 8 

1 173 

20 

1 144 6 

1 160 

30 

146 5 

1*098 

40 

ll.S-8 

1-038 

50 

ir>o 1 

1 006 

00 

150 H 

0 OSS 

70 

150 3 

I 001 

HO 

150 1 

0 998 

’ 90 

150 *9 

(1 98(1 

! loo 

i:iJ *0 

0 nst 

110 

ir>i * 1 

0 979 

120 

162 H 

0 012 

130 

155 ‘8 

0 H76 

j 140 

103 *8 

0 722 

150 

173 H 

0 567 

' 100 

183 K 

0 444 


' The time ihi eoniitud from the instant at wliioli liio blow-pipe waa Htoppod 
’ Tlic photometer reading is the distance in mdiinotroH between the photometer 
bead and the incandeHcent lamp wlueli sened as a standard ot rcdoronce. 

Tbo unit of light it the mean of a number ot detonumaiioiH made under the 
normaleondiiiuns. 


Fio. 12.—Maes of the platinum lugol, 510 grammes (or 45 i)cr cent, above the uonnal) ; mtunsity 
of the ligJit at the temperature of solidifleation, 1 004 (or 0*004 above llio noruiul) 



m3tric observations. The “ normal ” conchtions aio chosen ui Oi*dci* to 
make the rate of cooling ivs slow tis possible, and any variation in the 
circiuustances must necossarily cause the platinum to cool moi’o ntjudly. 

2 u 2 
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Fia. IS.^Sbowing that when a small mass of platinum (90 grammes) is used, the 
light does not remain constant for anv appreciable time. 



Tima in Seconds. 


One of the deterniinationa made with the aperture in the cover 2*6 
cm. in diameter, or nearly three times the aiou of the “ norma] ” opening, 
is illustrated in fig. 14 (see Table IX). The quantity of light differs 
from the “ normal ” by less than 1 per cent. If the aperture in the 
cover is increased much beyond this limit, or if the cover is removed 


Table IX. (See fig. 14) 

With the Diameter of the Opening in the Cover of the Furnace 
increased to 2*5 cm. 

Intensity of the Light from 1 sq. cm. of the Platinum at the 
Temperature of Solidification * 1*005. 



^ The time is counted from the instant at which the blow-pipe was stopped. 

* The photometer reading is the distance in centimetres between the photometer 
heal and the incandescent lamp which serrod as a standard of reference. 

* The unit of light is the mean of a number of determinations made under the 
** normal" conditions. 
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Fia. 14 —Area of the apartiirom the cover, 4 9 Nq. em. (or.1 per cent above the 
normal); iTiteHRity of iho light at flie temperature ot aululifteation, I ()05 (or 
0 006 above the normal). 
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altogether trom the furnace, the constant part of the cuivo vanishes 
and determinations hocomo impossible. This cabc is shown in fig. 15. 

The recommemUtions made with legard to the i ate at Avhich the 
gases aio to bo burnt, and to the time dunng which the blow-pipe is 
to *4ie alight, ate only intended as an indication of the conditions 
under which the observations will be most easily obtained A varia¬ 
tion of 10 or even 20 per cent, in these factors would leave the final 
results practically unaftected. but a number of the oliservations would 
prol>ably have to be discarded according to one or other of the three 
rules given on page 495 


Ifio. 15 —iSUuwiiig the effect leiuoving the cover Ironi the lurnace. 



Th^ effect of contnimtmthioj (he pkiUmtot nM etthei iilua or carbon is 
veri/ marketL Carbon forms the best illustration, as there is no 
difficulty in subsequently getting nd of this impurity. On the 26th of 
March, after a certain number of normal determinations had been 
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made, it whb decided to try the effect of using cofil gfis instead of 
hydrogen. After the blow-pipe had been supplied for twenty minutes 
with coal gas, the curve shown in fig 16, curve I, was obtained; 
fifteen minutes later a similar set of readings were recorded. The 


FlO 16 —Cum 1 ahoivs the effect of using um) gSH to heat tlio platinum, I lie light u 36 per cent 
above the normal. Curve II wuh taken an hour and u halt later, the coal gu having been 
nplaoed by pure hydrogen The error m already reduced to 2 per cent 



entire surface of the metal was covered with a white him. The inten¬ 
sity of the light was 36 per cent, above the normal The coal gas 
was then stopped, and the hydtogen tuincd on, the sutfacc giudually 
clearing fts the citrbon oxidised out. In an hour and a half the curve 
fig. 16, curve II, was obtained, the error having already been t educed 
to less than 2 pei* cent. 

Prom the above icsults I believe I am justified in stating thd the 
’probable vaitatuni %ii the hghi emitted bif mdlen plotinam imki the, sUmiard 
cmdihuioi M wi afm'c J per ient. 

With more perfect apparatus, and with the experimental conditions 
altered in the direction that has lieen suggested, the accuracy of this 
standard would cerUinly be increased. 

Physiological considerations fix a limit to the accuracy of photo¬ 
metric observations. It is not impossilile that the accuracy of the 
platinum standard may attain to or even suipass this limit. 

The present work has occupied nearly three years, and it was 
thought advisable bcfoie devoting more time to the subject to publish 

















on ^owr SHamlarfh of Liqhf 


503 


such roBults as had already l)oen obtained It ia hoped that those who 
are iutorestod in photometric work will, by thou advice and criticism, 
help to bring the research to a satisfactory close 

In concluding, may I be allowo<l to express my gratitude to the 
managers of the Royal Institution for phicing the splendid rosourcos 
of the Davy-Faruday Lalmratory at my disposal, as well as for generously 
defraying the nccossarilv heavy ov|>eiisos iiicuired by tlie present work. 

My thanks aie also duo to Mcssis. Johnson, Matthcy t't Co, who 
moat kindly lent the platinum imiployed 
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Eeeble (F. W.) and Gamble (F. W.) The Colonr-Physiology of S^ppoljfU 
ecrutae, 461. 

Kerr (J Graham) The External Features in the Development of Leptdotxren 
paradoica^ Fits., IQO. 

Kew Observatory Committco, Report of, for year ending December 81, 1808, 1. 

Lamb (CO) and Wilson (W. O ) Tho Conductivity of Heat Insulators, 288. 

Lawes (Sir J. B.) and Gilbert (Sir J. H ) Agricultural, Botomeal, and Chemical 
Results of Experiments on the Mixed Herbage of Permanent Grass land, 
conducted for many years m euccession on the same Land Part III. Tho 
Chemical Results, 329. 

Leonid Stream, Orbit of Fart encountered by Earth, Norember 15, 1898 (Bam- 
baut), 321. 

Leptdimren paradoxa. Fits., Development of (Kerr), 160. 

Light Standards, Experimental Roseareh on (Fetavel), 469. 

JMium martagon, two Vermiform Nuclei m Fertilised Embryo*sao of (Sargant), 
163. 

Lookyer (Sir Norman) On the Chemical Classiflcation of the Stars,* 186; — 
Note on the Spectrum of Silicium, 449;- Preliminary Table of Wave¬ 

lengths of Enhanced Lines, 458. 

Luminasoence of Cerinm Oxide, Thorium Oxide, Ac. (Swinton), 115, 

Magnetic Elements, Errors in Detenniuaiion of (Cbree), 876. 

Magnets, Collimator, and the Determination of Earth’s HorieonUl M^tnetio 
Force (Chree), 876. 

Ma}api€nitr %9 efeefricee, E.M.F. of Organ Shook and Beeirtance of Organ (Goteh 
and Buroh), 434. 

Manley (J. J.) See GUnther and Manley. 

Marehant (B. W.) See Blythswood and Marcbant 

Meeting.of April 20,2809, 64i April 27,114( May 4,152; May 18,165; June 
t06» Joses,258; June 15, 272; November 16, 438; November 88,448, 

Matale, JBIbete of Stnds on CrystaUine Strnctura (Ewing and Rosenhain), 85,178^ 

Mtobelion (A. A,) Communication on Ertielon-graiing Speetsosoope, 878. 
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Hioiv-meUllurgy, ExperimenU in (Ewing and Boienhain), 86. 

Morgan (0. L.) olected, £06; admittod, £62. . 

Motion in Animals and Plants, Relation to associated Eleotrioal Pl^nomezM 
(Sanderson), 87. 

Mott (F. W.) and Halliburton (W. D.) The Plijsiological Action of Chloline 
and Neuiine, 91. 

Nerrc, Tho Characteristic of (Waller), 207. 

Neumajer (Georg) elected Foreign Member, 207. 

Officers and Counril, List of, 448 

Ontfffena Willd , a Uorn-destroying Fungus (Ward), 168. 

Optiosl Frobloins, Application of Fourier’s Double Integrals to (Godfrey), 818, 

Orion tat ion of Greek 'rotnples (Penrose), 288, 370; of Pyramid and Temples in 
SildUn (Budge), 838 

Oxygen m certain Stars (Oi)l), 106. 

Papers read, Lists of, 64,114, 152, 165, 207, 272, 433, 449. 

Papers reoeiTed and published during Recess, List of, 433 

ParthenogenoAis, Strength of Inheritance in (Wsrrou), 154. 

Pearson (Karl) and Beet on (Mery) Data for the Problem of Evolution in Man. 
11 A First Study of the Inheritance of Longevity and the Scleetivo Death- 
rate m Man, 290. 

Pearson (Karl) and Win tel oy (M. A.) Data for tho Problem of Evolution in 
Man. I. A First Study of the Variability and CTorrelation of tho Hand, 
120 . 

Pehio Plexus, Formation of, in Genus MuMt§lut (Funnott), 445 

Fenroso (F. C ) On the Orientation of Greek Temples, being the Results of some 
Observations taken in Greece and Sicily, in May, 1898, 288, 370, 

Petavel (J. £,) An Experimental Research on some Standards of Light, 469. 

Phillips (C. E. S ) On Disoleotrifloation produced by Magnetism. Prehminary 
Ncte, 320 

Plimmer (H. G) and Bradford (J. Rose) A Preliminary Note on the Morphology 
and Distribution of the Organism found m the Tsetse 1 ly Disease, 274. 

Pollock (JT A.) Seo Threifall and Pollock. 

Punnett (B. C ) On the Formation of the Pelvic Plexus, with especial Referenda 
to the Kervus Collector, m tho Genus MusUIm, 445. 

Bambaut (Arthur A.) On the Orbit of tlie Part the Leonid Stream which the 
Earth encountered on the Morning of November 15,1898, 321. 

Bed'water or Texas Fever, Inoculation for (Edington), 111. 

Reid (Clement) elected, 200 j admitted, 252. 

Reid (S^ Waymouih) On Intestinal Absorption, especially on the Absorption of 
Serum, Peptone, and Glucose, 94. 

ROntgen Raye, Abso^tion by Solutions of Metalho Salts (Blyihswood and Marw 
obent), 413. 

Rosenhain (W.) See Ewing and Boienhain. 

Sanderson (J. Burdon) On the Relation of Motion in Aninals and Plants to the 
Electrical Phenomena which are aesooiated with it (Oooaian Lecture), 87. 

Sargant (Ethel) On the Presence of two Tennifom Nuclei hn the FettiUied 
Embryo^eao of Liliwn marfa 0 o%, 168. 
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Schunok (0. A.) The Yellow Colouring Metiers accompanying Chlorophyll and 
iheir Spectrosoopio Belations, 177. 

Seeds, Gprmineti^»-5ower of, Influence of very Low Temperatures on (Thiriolton* 
Dyer), 361. 

Sexual Cells, J££Feot of Staleness of, on Pe^elopment of Ecbinoids (Vernon), 350, 
Shafting, Besistance to Torsion of certain Forms of (Filon), 428. 

Sheep, Fertility, Abortion, uid Barrenness in different Bretds of (lloapc), 03. 
SxUcium, Note on Spectrum of (Loi-kyrr), 449 

Spectra, Phosphorescent, Photographic Researches on (Crookes), 237 
Spectroscopic Relations of Chlorophyll, Olirysophyll, Ac (Scliimck), 177. 
Spectrum of Silicmm (Lockyer), 149. 

Spore^pruduciiig Members, Studies in Morphology of (Bower), 96, 

Starling (£. H ) elected, 206, admitted, 252. 

Stars, Chemical Classification of (liookyer), 186 

Strutt (E J ) On the Least Potential Difference required to produce Discharge 
through TariouB Gases, 1<46. 

Sulphur, Boiling Point on Nitrogen Scale flTarker and Cliappuis), 327 
Swintou (A. A. Campbell) On the Limiinusify of the Rare Eartlis when heated 
tft I'ocao by moans of Cathode Rays, 115. 


Tanner (H W. L ) elected, 206, admitted, 262 

Telcgony, Negative Rvidence of, in Breeding Horses (Ewaii>>, 243. 

Thermal Expansion of Nickel and Cobalt (Tutton), 161, 306 
Thermometers, Platinum and Gas, a Coitiparison of (Harkcr and Chappius), 827. 
Thiseltoti-Dyor (Sir W.) On the Influence of the Tomporaturc of Liquid Hydrogen 
on the Oormmative Power of Seeds, 361. 

Threlfall (R) elected, 206, admitted, 272 

Threlfall (R ) and Pollock (J A ) On a Quartz-Thread Gravity Balance, 123 
Thyroid Feeding, Effects on Monkeys (Edmunds), 368. 

Torsion of Shafting, Resistance of certain Forms (Filon), 428. 

Townsend (John S ) The Diffusion of Ions into Gases, 192 
Trcub (Melchior) elected Foreign Member, 207 

Trypanosoma Rraewt, Organism of Tsetse Fly Disease (Flimmer and Bradford), 
274, 

Tsetse Fly Disease, Morphology and Distribution of Organism found lu (Plimnier, 
and Bradford), 274 

Tutton (A K ) elected, 206 j admitted, 272 

Tutton (A K ) The Thermal Expansion of Pure Nickel and Cobalt, 101, 806 
Hrmi, Waters of Salt Lake of (Gunther and Manley), 312 

Vemcn (H. M) The Effect of Stalonoss of the Sexual Cells on the Development 
of Echinoids, 850. 

Yiotorium, New Element (Crookes), 237. 


Waller (AD) The Characteristic of Nerve, 207. 

Ward (H. M) Onygend equtna (Willd), a Doni-Destroying Fungus, 168 j 
and Green (J. Reynolds) A Sugar Bacterium, 65 
Warren (Ernest) An Observation on Inheritance in Parthenogenesis, 164. 
Wave-lengths, Interpolation in Prismatic Speotra (Gill), 196; of Enhanced Lines 
(Lookyer), 452. 

Whiteley (M.<A.) See Pearson and Whiteloj. 



SIO 


WiUon (0. T. B.) On the ComparaliTe Effioienoy u Condensntion Badol of 
Poeitirely and Negatively chained Iona, 289, 

Wileon (Harold A ) On the Electrical Conductivity of Flamea oontaiidng Salt 
Vapours. 120. • 

Wilson (W G.) SeelUmb and Wilson. 

Wjlndle (B. 0. A.) electls, 206 ; admitted, 252 

Worthington (AM) and Cole (B S ) Impaol witli a Liquid Surface, studied by 
the aid of Instanlanooue Photography. Paper TT, 153. 

Yeast uud Bacterium, S^^mbiosis m Ecrmoutation of Cane Sugar (Ward and 
Oreen), 65. 
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